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PREFACE. 


It has often been* remarked upon, tliat beyond text liooks written and 
published for the Gas Industr}’, no books are obtainable for the guidance 
of the Coke-CTven and l^f- Prod net Works Chemist. 

The various works on Chemistry applied to Gas Manufacture, although 
extremely useful, do not by a long way meet his requirements. 

I have therefore endeavoured to furnish the (Joke Oven and Py-l’roduct 
Works Manager and Chemist uith a concise manual, covering, as far as 
space will allow, the general work required for tlu' (Jhemical (Jontrol of 
such Plants. 

I am indebted to Dr Harold G. Colmau and Dr 1‘ercy Jiidwin Spielmami, 
and also to their respective stalls, for the interast they have taken in the 
work, and for the valuable assistance they have given in the preparation of 
the chapiters dealing with Benzol Works TcsD. Also to Dr G. P. Lishman 
for assistance in reading over»the manuscript, to Mr It. llowson for general 
assistance and keen interest taken in its production, and to the Society of 
Chemical industry and others for permission to reproduce graphs. - 

TllOS. BTDDULPH-SMITH. 


COIvE-U\ E.\ AND liY-l'KODUlW V\ OllKS, 

SrocKsinuDOE, ^iftauarif ^‘^21 




PREFACE TO. APPENDJX NO. 1. 


Ti»e disastrous loss of a, lar<:^e proportion of the ('oal Tar Industry fi’oin 
this country to Germany has led to<i mii^ute examination of tlu' con- 
stituent substances*of*tloal Tar by the clnMuists of the latter country ; and, 
incidentally, to a remarkable exhibition of that painstakin<jr, meticulous, 
and in the ifiain unimaginative eharaeter of work which is ordinarily 
associatcti ^vith the German chemist. It must be acknowledged that the 
results obtained by thesi' mvestiii,ators have b(!en oTthe greatest vahii'. 

It is to be hoped — indeed, it is fully expected — that in the immediate 
future detailed and dillicult work of this kind will be eari;ie<l on m this 
country. Gur cliemists an‘ fully ca])able of such work . but m order that the 
best advantage should accrue to the eountiy, there shmild be the stin’iulus of 
insistent 'demand from the Goal Tar Industry itself foi detailed knowledge as 
to what exactly that industry is handling. 

Appendix No. 1. has been prepared m ordi'r ^to give a general survey of 
the nature of the more valuable and also the lesser known substances obtain- 
able by^-he distillation of coal tar 

lleferences to German literatuie and jiatimts have been retained, in order 
to serve as a guide to information wdiieh may not otherwise be \ery readily 
found. Th(‘ almost complete (^mssion of referenci'S to work done* outside 
Germany 4s due to the desir^‘ that the [iresent inforngition Should be 
circulated without further delay, mfire especially as P.ritish a,nd otlier w'ork is 
easily to be traced. 

To db the subjujct justice, a volume should be written on it ; but it is 
hoped that, whilst avoiding too manyrfjrdinary “text-book” facts, the inforrna- , 
tion sclecteckwill bo new to some and of service to maiiy, and that a further 
and still more^incisive interest, liothiici^ntihc and^mdustrial, will be j|rouHcd. 


Ministry or Munijions oi- War, 
D.E.S. ANALY'ftfCAL LabORA lOl*^.* 
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CilArTKK I. 

WA5HERY AND OVENS. 


(\)AIi AM» (!()KK. 

1. Sampling. —To sample a. laix<* (piaiitity of coal or coke for analysis, 
perhaps the best me?! hod of proe.ednre is to take a sliovelful fyom all [larts 
of the Leap, or in the case of ebar<j:inL!: ovens, from each e-nr load and throw 
it mto a tub, closed by a, lul ; icrind u}) thi' whole to the size of peas as (piickly 
as })ossible, thoroughly mi\, and sju-ead it <mt in a Hat, sipiare heaj) , divide 
this diagoi^ally into four (piadranls, remoxe two opposite (juadrants, grind the 
remaining two liner, and I’epeat the abovi; process until about 10 lbs. of 
finely ground coal or coke is obtained. Tlie proei'ss is again repisated in the 
laboratory until the fuel [>asses a dO mesh sk'Vc, gvinding being earrii'd out 
ill this case by means of a porcelain mortar and pestle. A\diere wet coal 
is to be tested {e <j. coal from washery) the sample as received at the 
laborator^^ should be t(*stt‘d direct for moisture, the dried sample then being 
ground ii}) for the other tests 

2. Moisture. — roa/ to which wafer has hern aihhd. — Heat 100 to 200 
grams of coal to 10-V' ('. for two hours, the loss m weight being due to nniisture. 
Prevent a free passage of air over its surface as much as possible. At^i higlier 
temja’rature* volatile hydrocarbows would h(‘ driven oil' thuS gliding a high 
result, or if excess of air passes oax*F its surface, oxidation would take place, 
giving a low result. 

Dry (hal and (lohe . — Heat 10 grams of the sample, ground fine enough 
to pass a 30-mesh sieve to 10^)" (L o*i a clo^’k glass until a constant weight 
is obtained^. The loss*in weight 1()<= piu’centage of moisture. 

3. VolatiUi Hydrocarbons. — One gram of the .Jirefiared sample is 
placed 111 a platinum crucible, at lei^st*l|" deep,»jvith a tightly fitting lid. 
The cruc^le sJ»ould be heatc{iin,it muffhi furnace for half a minute aft^r the 
last traces of ewiajhng hydr^iearbons have disa])peai^d. tl'he loss in weight 
represents on dry coal, the x'olatiie hxflrpcaiiliions^ and •^n wet coal, vc^tile 
hydrocarbons and, moisture. 

4. Fixed C^lrbon (Coke; .—me resume jeit pi tne crucime irom me 
volatile ^lydrocarbon test represents tfte fixq;l carbon and ash, the weigfit 
beinjf deteynigiec^ yy ^• 'traeting the weiglft pf the crucihle and lid. Ash 

.is estimated separaitely^thc differenec heing theYixed cariion. 

T). Ash .—This esMniat^on^ji*^^ canned out by heating two gratis of* the 
coal or cik^ in sdica capsules in tfie furnace until all the carbon is 
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burnt 'JJns can Ix) told by the yicawd^'scent appearance of the mass 

while carbon iwiltill pi'es^nt. (-okc requites a much higher temperature ^han 
coal. • Uoal wjiich (^akes st»oii|^Iy should be hflated iij) gradually, so that the 
volatile niattia’s may ('scaj)e*l)efor(^ the powdei’can form a cake. • 

6.» Sulphur. -((/) ( /'>W/,/vi\s) Mftihofl : — Mix 0'5 to 5 graft) *of tlic finely 
ground coal with 1^ times its weight of an»intimate mixture of 2 parts of well 
burnt magnesVa ar^d i pUrt of anliydroRs sodium •carbonate. The mfvture 
is made in ajilatinum crucible by nfcans of a glass rod, and the chfci Me is 
heated, without the lid, in an inclined posuion in such h imniner that only 
its lower ])ortion attains red heat. The mixture should be fro(]uently stirred 
u{) with a piece of ])latinum wire during combustion, wdiich lasts for about an 
liour, the colour of the mixture cha,nging from grey t(i a leddish brown. After 
cooling, the calciiu'd mass is washed into a beaker with distilled water, and 
bromine wattT is added until the li(|uid shows a light lirown colour, then heat 
the whole to boiling, di'cant through a filter papci, and wash ihe residue with 
hot water. Add hydrochloric acid to the aqueous solution, boibu..ti1 all the 
l)romiiie has lieeii reniuvod, and add a solution of hariuin chloride, drop by 
dro}) at hoilmg [)oiiit, until the jirecipitation of hiinuin sulphate is complete. 
If the magnesia or sodium carbonate are not pure, a “Idank’^ should be 



carried through on thi'se substances, wilhoid the sample, and the amount 
deducted from the total sul])hur found. One part of HaSO^ indicates 0‘137.‘) 
parts <of sulphur. \ solution of ammonium acidatc added to the boiling 
solution, after precipitation has been found to make the prccinitati' grow, 
facilitating^ its* filtration wuthout endangering the accuracy of tlie estimation. 

(/>) ImlantiXneon^ (hwihtisfion Method . — Mix 0*7 grams of the fuel W'itli 
12 grams of sodium peroxide and OT) grams of | otassium cldorate in a nickel 
crucible of about ‘iO'O c.c. ca])acity Stand the crucible in a porcelain dish 
containing distilled watc'r up to l;:df its iieigh^ as shown (fig. 1). Ignite the 
niixture by means of a red-hot wire, tlirough the bolt in the lid.. When the 
action is over, wash out the crucible into the dish, add hydrochloric acid 
until slightly in excess, y i<l then ai.iny)nium liydratc until alkaline, filter and 
waslh; add to tlie filtrate a IVnv drops of hp'th^l orange, and ^'ving to neutral 
W'itli bydroehlorit ac’d ; add 0*5 c.c,. H(d in .excess : Ixiil, and add barium 
chloride solution an 1 ammoniu.n a'aNate Solution as before. 

A “ Ihank " sliould aho be carried ovt with the above methofl, the com- 
bustion of course being'’ univ'cessary. 

Phosphorus. — Ten grams of cDal or coke are ignited in a platrtiuJii basin 
until only the ash is left . this is then fused and digt-sted, iii a^coyered beaker 
witli 20 c.c. of brommised hydrochloric acid for ay^ hour at nearly boiling 
tempcrat;Uro. The hulk of the acid is then r^mftved by I'N^ipdration, and the 
solution is diluted with 30 c.c. of w ,er! The whole is then filtered, and the 

‘ . f ‘ . 
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residue waslied witli distilled water, 15 c.c. of 8tr<5n^nimofiia arc a’ddad, and 
th^ is neutralised by nitric acid*froin a buretU* Wh(?if fc solution ,tak('s 
place,, diluted aininonia is added drop by drey# until a faini cloudhifss or 
o])alescenco ajipears^ this is then ro-clissolved by 
addition of d t‘ew*drops of nitric acid. The Ihpiid 
is kept near the boiling point dftring this operation. 

To 'the faintly acid sohition 5 cTc. of strong nitric 
i^cid are added, and then 5 c.c. of ’a 10 per cent, 
solution of ammonium molybdate ts (piickly added, 
the solution being briskly stirred. Aftty.' a second or 
two the yeflow ammonium })hos})homolybdatf settles 
in a granular fornd This is then nearly boiled for 
five minutes. The precipitate is then filtered off on 
taicd filter jiaper, washed with a weak solution -of 
nitric acid, dried on the \^iter bath and weighed ; the 
weight (ff precipitate x d fill = per cent, of phosjihorus. 

Tlie ammonium phosphomolybdate may Ix' cs1:i- 
mated in tlie following manner, which in the author’s 
opinion gives more accurate results. (_ 

The precipitate is dissolved in ammonia by ])lacing 
the filter paper into a beaker containing 5 c c. *88 
ammonia and about 50 c.c. of watiu* - the beaker in 
which thj precipitation was carru'd out is usmilly used. Make the mixture 
up to 100 c.c. (the tru(( volume of the jiaper being negligible) and })i])ctto 
out 50 c.c. — ?‘.c. 5 grams of cok«., to which add 10 c.c. hydrocliloric acid and 
boil. Add when boiling 10 c.c. of lead acetate solution. 
,= --r Also boil in a second beaker a mixture of 50 c.c. of 
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ammonium acetate .solution (obtained by neutralising 
551 percent acetic acid with ammonia) and 50 c.c. 
of a 20 per cent, solution of ammonium chloride. 
Mix tbe contents of the two beakers by jionring from 
one to the other four or five times ; allow to stand 
for a fe \\4 minutes, and filter oft tlie precipitated lead 
molybdate; wash with hot distilled, water •until the 
washings ary free from chlorides: ignite at the front 
of the nmtHe, cool and weigh. Lead molybdate repre- 
sents 0'()07 times its own weight of phosphorus. 

7. Nitr,Ogen. — Mix 1 gram of the sample with 
10 grains of potasflium sulpliate or persulphate, place 
in a Kjeldaht’s flask, and add 20* c.c. of pure sul- 
phuric acid (free from nitrogen^ Digest over a small 
liamc until bic*black colour has disappearei^ (Si'C 
fig. 'f) •Dilute* to about 250 c.c., iwld a small piece 
of gmnulatcd zinc and tran.‘?f#i' tt tlie ammonia dis- 
tillation i^pparatAs ^g. #), and* distil w i^h 2^ c.c. 
of so(liiy«* hydratOiSolutiffji yoni',\ining approtiniateJy 
50 grams NaOy., into 2^ c.c.*of N/10 sulphuric acid. 

Kach c.c. of acid used represents •0014 

grams of nitrogen. • • 


8., Coking ^Property TestS.^Dry the roughly ground sample at 
lOO^C., grind fine ..nough the^rfvdidc to pass through a 30-»esh sieve, 
Weigh itito caclyof six pgrcelain criiciS?^ J gram and add to each dtfierent 
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proportioim of silver sand^ graded ))y nf;glecting»the portion not passing a 45-* 
most sieve and'tfiat passing an HO-nicsh si'eve. Intimately mil the coal And 
sand^dover wkh lids, and Tpast for 1 hour ip a furnace kept at a constant 
temperature of 450° (!. After roasting, turn out the coptents of ihe crucible 
and elamiru!. If adhering lirmly into coke, more sand’ is ne'eded, and vice 
vfA'sa, until the proportion of sand and Voal is found, which renders the 
contents of the crucible, when turned out, to just 'adhere together and be 
easily disinj^^giiiited with a spatula. ^ ^ 

The “(looking Index ” is the jicrccmtago of sand in the mix5.ure. 

0. Approximate Formula fob Calorific Values of Cpal. 

( 1 ^ percentage of carbon • • 

V = ,, ,, volatile hydrocarbons. 

V X 100 

'■ (1 + V 

Find A from the following table. 

VI 5 ''lO 15 “0 25 :’.0 55 5<S 10 
A 115 150 117 101) lO:; Its 9-1 S5 <S() 

Calorific Power. - -- 82(1 + AV- ( lal ones jier kilogram 
- (8204- AY)1 8--K.Th.Us. per lb. 

For estimations of (cilorific values see “ ( 'alorimetry.” 

Free Coal in Shale from Washery.— 200 grams of t\ui shale as 
taken from the washery arc dried and su'ved with a 50-mesh sieve. Tliepart 
not jiassing through the sieve is phu.ed in a bath of calcium chloride solution 

of 1 40 specific gravity (for illustration 
of bath see fig. 4). The particles of 
coal float on the surface, while the heavier 
shah; ^inks to the bottom, wl'ere it is 
e<i light in a perforated bask(;t. The coal 
liion is skimilied off, washed and weighed. 
Dust is first removed, since the surface 
tensiefu of the solution holds small par- 
ticles y)f stone on the sicrface, thus' 
giving a higher and inaccurate result. 

Salt in Washery Water.— Where 
coal containing a high percentage of 
sodium chloride is ‘treated, tl5; washery 
\\ater has’to be I'dianged when the per- 
centage of salt rises above a fixed figure. 
This necessitates the pefiodical testing 
of tlm same. ^ 

A sample of the water Is filtered 
^and JO c.c^. are diluted and titrated with 
IN / kfK silv(;j' nitrate, "using yotassiuhi chromate as an indicator, tiie finishing 
point being indicaKvl Vy ^he red colorati(tii of silver chriAmate ajipearing — 
each c.c. of N/10 silver •nitrifte solution representing 0*00585 gram gf sodium 
chloride. 
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CHAPTER 11. 


GAS. 

Estimation of Apimonia. - 'I'Ik* ojunioTi <»f the Antlior is Uml there is 
no method for tijstiu^ jiot moist ^^;is for its ammonia ('ontont wiiich can he 
relied upon, ('ondeiisalion of the water vapour, and tlie alKsorption of 
ammonia by jjhe condensed water bcin|< the most trotdilesome factor to 
deal \ytli, * 

(rt) Arfaiige two absorption bottles in series. J,nto eaeli measure 1 00 c.c. 
of 10 per cent, sulphuric acid Allow' the ^as to btibble through, measuring 
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it with i^mckir. 100- 200 tetr^sTof gaf^ should be jiassed, the contents of the 
bottles then boing mixed toj;ether, and 50 c.c. distilie^l w^th*exccss of caustic* 
soda into 20 c.c. of ^/\0 sulphiwic afi(i^ e;«h c c. of NJii) acid representing 
•0017 gram ammonia. • # •% 

(h) Ammoni!l is very often estimated Tbj p^ssirij? tflh gas direct* through 
the l^/fO acid and titrating back. Thi^, howijver, gives only the free ammonia, 
th(#fixed amgioffic rot»entering into the reHcl^on. 

^Stimation*ol JTar. — (o,) 100 litres of* gas ar(? passed through two 
glass towers* coAta'uing ckxmj^) cottoTi wool, and connected together in series, * 
The WQ^)1, tar, £md condensings arc tht^j^laced on the funnel of the extraction • 
apparatus shown in 5, the tow'ers^ hieing rinsed dowm Avith pure *lx;ozol, 
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the latter bein^ afterwur^is placed in £h(? boiling flask, The*extractiori, is 
carrie'cl /)ut by iiieans of tha benzol, which aftc'rwards is separated froni the 
cond^lised water, and evaporated in a weighed ifask, the tar remaining behind. 

(6) ^Wben only traces of tar are present the gas is"' draw^i through a 
weighed slieet of filter paper supported by a wooden frame. The paper is 
afterwards dried and^rewei^hed. ^ 

Estimation of Naphthalene^— *lbO c.e. of a saturated solu’tron of 
picric acid iii‘ waler is [ilaced into a Drescli^ils Vash bottle ; lO ctfbic feet of ^as 
is passed at about ^ cubic foot jier* hour, A precipitate consisting of a 
mixtun^ of naphthalene and mqdithalene picrate is obtained. Without the 
addition of water, tlie wash bottle is drained into \l found bottom flask, 
])lugged with an india-rubber sto])pcr, through which passes a glass tube sealed 
at the (‘11(1, and with a side hol(% as shown in fig. (>. Air is cxtractcal from 
the flask with a suctam ])ump, and by drawing u[) ^he tube into position 11 
the flask is scaled. The flask and ifs contenfs are then immersed* in a'water 
bath, the water boiled until a clear solution is obtained. The whole is 
allowed to cool, and crystals of na])hthalone ]'ierate settle out; filter 
througli a dry filter paper, and titrate bO e e. of the iiltrate with N/10 
sodium hydrate, using lacinoid solution as an indieator; also titrate 50 e.e. 
of original solution. 

Kxnvvph — 

50 c.e. picric acid solutum Ix'fore use - L’O N c.c. N7J0 Naf.Hf. 

50 „ „ „ „ after „ iOl „ N/10 „ 

1-7 X 5 (for 150 e.e.)-.5-l. 

5-1 X iU (to 100 e ft.) -nJU 

] c.c. N/JO iVaOfJ — ’li)7~> gram ua])hthalene. 

51 ' I i)7') — 10- 1 grams (TO US pci 100 c. ft. u 

Estimation of Cyanogen.-- A 50 per ce,nt. solution of caustic soda 
or caustic pota.sii is mixed with a 1 L’ per cent solution of ferrous sulphaXe in 
the proportion of 5 to 1. The mixture is poured into three Woulfc bottles, 
and gas is ] hissed through at the rate of 1 euoie foot })er hour. 

After about HI cuhie feet of gas have been ])assc(l, the imxtur(S‘ (collected 
from the three VVoulfe holtles) is waslied into a graduated flask, and made 
up to a definite volume, a portion being taken for analysis ; this portion is 
\)oiled until free from ammonia, and then filtered. The filter paper is washed 
with hot water, until a few c c. of the •washings caught in a test-tube, 
g)n being acidified with hydroehlone imid, give no lileio coloration on the 
addition of ferric eJi loride. Tiie tiJtrafe and washiiif^s arc acidified with 
hydrocldoric acid, and ferric chloride is added, the cyanogen being pre- 
ci])itato<«^ as “ hlifc.” The wluile is* fill^ored throiigli fared filter 

^paper, well washed, dried and weighed.* , 

Kramplc . — 10 cub^c’ieet of gi^s weiv passed. ‘The mixture of filtrate and 
washifgs \ve<-e made up to e.e., of which 50 c.e. were taken for analysis 
to h cubic footft‘i)f ‘ga.s) whii'h jmxlm^ltl 1 grains of«jpnissian blue. 
8G0 parts of the latter eoiUaiidlG^ pari'i of cyanogen, therefore r 

2«T8 grain ■;* of evanogen per ciibicloot ‘of ga*s, dr 
8G0 , • . c 

ills grains of eyanoggi^ per 000 cuhie feet of gas. 
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. EstimatiQn of SulphuVettefl Hydrogen.-^-(a) Watfldpis ^}e(kod.— 
For* this test a special bottle 7) is required. Hold the*l)ottle luvc^rtod 
over the gas supply for 3 niiuuAes. While iii this* position repkce thetij^low 
stopper*, which eontaiflls caustic soda solution (1 2 spccilic gravity), shake the 
bottle for a few' minutes, wash all^dowu into the bottle with distilled ^vater, 
add phenyl phthalein. A colour sj^ould be prodig-ecl showing an excess of 
caustic^soda used, lemove alkalinity wdli hydrochloric aci^, dilute, add starcli 
s(flution, and J^itra4o with jS/lOb iojine solution, until blue coloration is 
obtSiincd. Now' the bottle is a standard ^i/e holding cubic 
foot of gas,* and wdth this 1 c c. of N^IO iodine solution 
-- 2G grains sulphui'Qttod hydrogen per 100 cufuc feet of gas. 

(/>) A solution of aininoniacal sulphate of copper is pre 
pared, of such a strength that 1 c.i‘. — OOo gram of sul- 
phuretted hydFogen. Ong-tentli of a cubic foot (If gas is 
passed* t^Fqugh two llarcourt colour test-tubes, the first of 
which is charged w'ith a solution of ammonia and distilled 
water, in the proportion of 1 to 10, and the secfmd with 
distilled water only, a pi<'C(‘ of lilt(T paper soakc'd in lead 
acetate solution being placial over the outlet of the second 
tube, so as to show that the absorption of ll>H is coiiqilete. 

After the gas has passed, the contents of the (wo tubes are 
emptied into a white porcelain hasiu, and titrated with the 
cop[)er sitlphate solution. As the two solutions meet a slight brown tint 
will appear and the action is complel.e wlu'u the black copper Kul[)bide lias 
separated out, leaving a colourh^ss lupiid. The number of c.e,. of the copper 
solution required to eflect the reaction multiplied by bO will give the grains 
of sulphuretted hydrogen jier 100 ciduc feet of gas 

(r) 7die following method w'as descrilied by J\lr A. 11. M'ay in a paper 
before ifie Cbemi(;al Section of the Anuaican (las histilute. The apparatus 
consists principally of a wide mouth i)oltle of aiumi \ui\f a gallon capacity. 
The neck is fitted wdtli a thref-Iiolc rubbei stopper, wliicli is marked in any 
convenient w'ay liy means of wbieli one may be sure of its iHUiig inserted in 
the nock of the bottle to exactly flic same point (jach time. Two g]a!?s tubes 
project thifuigh the stopper to a^distaiicc of about 2 inches ‘*i)ov^e, itud to an 
unfeven distance behnv — one nearly fo tlie bottom of the bottle and the other 
only a sliort distance Ixdovgthe stopper. A tbermoiiudi'r is fitted into the 
third bole, and short, stout rubber tubes with*})iu(‘h-eocks are attached to 
the glass tubes. iTic bottle Js calibrated at ()0‘' F., iucludiug the tubes, up to 
the pinch-cocks. 

The gas tg be examined is passed through the dry botlie until all the air 
is expelled ; and tlie stop cocks are tbc^i close.d — tlic outlet one first, wdiich 
ensures a })r(,",;^*sure in the boy^le^* Tlfe sauqile is TjVought to the labyratory, 
and allow'cd to jjtaiid until its tcmjierature a[)proacljcs tliat^f the room ; omi 
of the tubes is then conneeted wgth louggr' rubbei* J^u fie, the loose end of 
which is immcrjjcd in a beaker holding exactly incbtif w'atfu* g thor^inch- 
cock on this tubi is slowly rcleSSed until the buobkis #tuise to rise* through 
the \^ittr. The gas in the bottle can 4heu be cTousidcn'd at normal pressure. 
Thetpiuch-eogk ft th^T^closod and the samegiflb(! is conuected with a levelliug- 
. bottle, the other •oaue being connected with* a largo kurette containing an 
ammoniacal ^lolution o? ci^dmium cWuride, consisting of 125 c.c. of water, 20 
grams cjf cadmium chloride, and 50'(:!!c. ^{strong ammonia, filtered ; ^nd 3(}0 c.c. 
of strong amrtiofiia, madf up to 1 litre with water, are added. By means of the 
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levelfiug bottl^ V sli^jjht Aacuuni is protluoed in the sample bottle, and about 
.‘10 e.c. of the solution are i^lowed to run in. The pinch cock is closed and the 
burette discoibiected. The Fevellin^ liottle is 5;-aised, and at the same lime its 
pmch-cock is opened, the gas which has bwm drawn oiitManiig fwriied bUck into 
the bottle. The levelling bottle is disconnected, and that containing the sample 
and cadmiums chloride solution is shaken for a few minutes. Pressiifre is 
slowly released by*o[)('n)ng the stop-g-ock on the shorter tube, the 'stopper 
renj()V(;d, and Uie Contents of tlfc brittle poured bn 
to a dry filter. The bottle is rinsed three tAnes 
withalitth; water without attempting ‘to clean out 
the jiartieles of cadmium sui^ihidc which stick to the 
botth^ and tubes. The prc'cipitate on the filter is 
washed twice wuth watt'r, and the. filter and })reci|ji- 
tnte ans placi'd in the Uottle. An 'excess of N/liO 
iodine solutmn, ‘1 c.c. of starch solutioiv, ' c c. of 
water, and 50 c c. of cominendal hydrochloric acid 
ar<* added, d’he stopper is insm’ted, the jiinch cocks 
are (dosed, and the bottle is shaken fora few minutes. 
The stopper is again removed, the tubes rinsed into 
the bottle, and the excess iodine titrated with N/20 
thiosulphate solution ]\y (!alculati()n from the cali- 
bration of the bottle and the absolute strength of 
the iodine solution a factor c.aii be obiaibed which 
reads directly into grains of siilpliuretted liydrogen 
per 100 cubn; fe(‘t of gas per cubic ccntiimdre of 
iodine solution. A correction is made for the tem- 
perature, and, if necessary, for the J-inch seal. /V 
lilank is run through peiiodically on the reagents 
employed, and tin' amount of iodine used in Vhe blank 
IS deducted from the iodine used in the determina- 
Pic. 8. tion. Very accurate' results are claimed for this 

method. 

E,rtiin,p(e.—k N/20 solution of iodine contains f)‘.31G grams of iodine per 
litre, bron^ thi^ riviction If, -t- 21 =2111 +8 I gram of iodine i% e(]uivalent 
to 0 1 *U2<S gram of H ,S ddiorefori' 1 c.c.' of N/2() iodine solution = 0 00085214 ’ 
gram or0‘dl215 gram of H.,S. Then — c 

c.c. in 100 cubic feet .m ..i - 

. X 0 01.11;) -^ ‘ 
c c. in bjtth' < 

grains of H.^S ])pr 100 (uiliic fec't per c c. of N/20 iodine. Assuming, for 
instanc(', that the bottle holds 2000 c (X, we have * 

, 5;831,(.77 

■ 20(10 

or 1 c.c. of iodine solv'l^iou IS G2 grains oMh^S ])er 100 cubic h'l't of gas. 

E^3tin^^tion of' rotal," Sulphur .— sulphur Irs/J. —The appar- 
atus recpiin^d is slnfwn hi fig^ S, and consisfe' of a bunsen burner A, having 
a steatite tip in which tlie gas is bunfbd, passing through a short ctbydrical 
stand, provided with a number'(/ holes for the admisi idii .of ajr. The stand 
has a circular channel on its tipper surface for the pyirpos." of receiving the 
wide, end of a trumpet tube H, which ishdso liUecl^ into a ghtss ‘lower fj, con- 
taining glAss balls, known as the con^nnsVA', and provided at the to]^^ with a 
long glass tpbe 1), wdiich serves as a effimney to ereatd,tho necessary draught for 
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drftvjing. in air i/hrouj^li the holes, ai^d'also 
to find an exit for the incondensjiAile products 
of cornhustion. The inlet of tl^ burner is 
connectT'd tfl tflie oufclc^t of an exjieriinental 
meter, which automatically shuts# otf the 
gas t^^hen 10 cubic feet have passi^l. To 
proceect with a test, surround the stem oji the 
burner with se^ipiif.arbonate of Ammonia, 
liglit the burru'r when the index of Uie 
meter is at '/.^lo, place the trumpet tube i1i 
the channel of the buriu'fr, and connect the 
narrow end to the condenser by means of 
an india-rubber connection, afterw aids con 
necting the lun^ chimney 4ubt‘ to the con- 
denser* iriic ex[)eriment requires fifteen 
hours for the 10 cubic feet of gas to burn. 
In the process of burning, the suljihur in 
the gas combines with the oxygen in tlie 
air drawn in through the holes to form 
sulphi rous acid which, combining wuth the 
ammonia <lriven off from the si'squicarbonate 
of ammonia, forms sulphite of ammonia, this 
being in turn oxidised toiimmoniumsiiljilmte, 
which condenses in the glass tower and is 
deposited, together witli the water n'sulting 
from the combustion of the hydrogen in the 
gas, in the glass beaker jilaced lielow' the 
condenser. When 10 cubic feet of gas have 
been l.iirnt, empty contfuits of the beaker 
into a graduati'd flask, llinsai down with 
distilh'd water, the condenser. The truuqict- 
tube. and the clnmnt'y, adding the w'ashings 
.to the measuring flask. Mix the whole of 
the li(]uid *and divide into two ])ortions : 
place one jiortion in a glass beak<*r covered 
with a clock glass, and acid#l*y with hydro- 
chloric a^'id in order to drive off the car- 
bonic acid, raise to boiling point aMd add^ 
an excess yf barium c^doride solution* and 
Continue to liitil for fivi' minutes. Barium 
sulphate is precipitated, allow to |etye, 
filter, w^^h *.mtil the wasliingis^ are free 
from chlorides,*ignite in a^tared capsule 
and reweigh. It is advisable ito o\4dige 
with bromine liefore adding thv hydro- 
chloric acid. * * 



/fl'lON OF BeNZOI. and* ITS llo.MOLOCUES. 

• • * • 

(d) MuHer's Test,* oj the • Increase in Weight of Oleum 
Petroleum. — Method . — The app'A,tat*-i^ is fitted np as sliown in tlf^. 9. Tlie 
gas is led thriTugh a ^lass tower A •tilled with cotton wool^ to remove 
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suBpcnded mg^fcr, etc., through the twc^ bubbling tubes B ar^d C, containing 
dilute sulphuric acid an(^ dilute caustic soda solution, for the removal of 
aniMoiiia, pyridine, phenol%, etc., and also •through a second glass tower 
packed with calcium chloride for the removal of nioisCiw’e. Th6 cle&ned gas 
is then passed through the four weighed absorption bottles filled with oleum 
petroleum, aiJ.i the weighed XT tube filledi with calcium chloride to the meter : 
the four bottles and the IJ tube being surrounded with ice. Uas is*^ilk>wed 
to pass at‘ thfe rate of 5 litres per hchur, **100 litres bckig passed. At fhe 
expiration of the test the bottles ar^j each disconnected and allowed to stand 
for twelve hours in order to ^xpel 'the gas, and the temperatuiY5 of the four 
bottles and the U tube allowed to rise to that ef the laboratory, being 
reweighed, and the increase in weight calculated to grams per cubic metre of 
gas, or by taking the specific gravity of the bciiy.ol naide on the plant, the 
results can be calculated to galls, per 10,000 cail^c feet of gas. Tw'o sets* of 
apparatus are at work simultaneously, one before the scrublirtv And one 
after them. ^ 

K.ii‘(iinpl(' — 

Jli’forv Smthhen, OV/.s- /^as.sv'c/, 200 Ufr<'s. 

No ] IJoUUi No. e I'x.ttlo No a butth*. No. ^Eottlo. UTiil.c. 
Weight after test . l)2-030 OTAOS DlAlKi lObSH tS-fi.'lS 

„ before tost. Ofi-^bS 0:5*22i 101*222 .47 0(10 

Increase 111 weiglit 1*558 1*520 1*275 -Oil) 1878 

Total increase: 6 850 grammes 31*25 grammes per cubic metre. 


After ScriitA>ers. yx/.swfv/, l7t)’()J 


No. 1 l»oltlo. No. li 

. No .jEottlo 

Ko. 1 It •tile 

U Tiilu'. 

Weight after test lOfi 200 0()'25.‘) 

101 432 

107 300 

f)(fi337 

,, »be fore test 105 83 J 1)5 821 

;0i 385 

107-258 

GO-228 

luerease ill vvei^lii *375 *121) 

• -on 

*012 ‘ 

*109 

Total iiierease : 1 -002 grammes - 

5*57 gri^niiies p»'r (‘iibic metre. 


Loss at scrubbers, ](i'30 per cent. 

(b) Method of Absorption and the subsequent Distillation of 
the Absorbent.^ —Creosote oil, oleie acid, and nitrobenzenc^are suggested 
as absorbents. Now to wprk successfully on this principle, similar treatment 
must Le aimed at to that given to the gfi^ 0 |i a jiractical sqde, hence it is 
obvious that thl ^nost puitable of tlie three absorbents is /die first. It is 
impoitant, liow*('ver, tluit the er^osojboioil should*be specially prepared. Wash 
oil pffKiuld'ibe distilfed an^ the fraction ^istilling between 240' and 270 'C. 
taken. ''Jdiis is waslh\l with a(*id a*id soda, tT)*remove tar aci^s, pyridine bases, 
etc., and allowed to stand in ice lA order to freeze out the naphthalene. 
Four al)sor[)tion bottles should *)»o used, each being %(" kutfi<3iept papacihy to 
hold 200 c.c. of absiftXient, add should be of a pattern oll'ering a maximum 
surface of contact. 1(^0 to 200 litres (i* gas passed at about 10 litres per 

^ By tlie Autlior {Oas Jf'orkt, Coking 8ccti()il| May 1^7J. 
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houi'. The contfsnts of the four bottts’are afterwards drained! into a Jargo 
distilling flask and distilled, Ddc.c. of light oil (excluding the water) are 
collected ’ and the distillation st(^)ped. A 50c.c. Capacity flask i% fitted Vith 
a miniatift'e fr&ctioning Solumii and condenser, the latter being uioistoncd with 
benzol and allowed to drain. SOc.Ctof a representative sample of the (fay’s 
make flf crude benzol (made on the pUm the same day) are placed in the flask 
and distilled up to 160° C., correction bejng made for the batomctric pressure; 
► the*yield is notec^anci the experimeJIt is»repeated, using the 50c.c.» of absorbent 
distilTate. , 

Example. litres of gas have passed through the absorbent which, on 
distillation and redistil-latifjn of the distillate up to 160° C. yields 3-0 c.c , and 
also 50 c.c. of crude benzol when distilled to 160° (t yield 37 5 c.c 

Then, if 37 ’5 c c. (100 per cent, at 160“ C.) represent 50 c.c. crude benzol, 
3‘0 Ti.c. (100 p(^ cent, at 160“ C.) „ * 4'0 c.c. ,, ,, 

Therefoifi will be 4'00 c.c. of crude benzol, of the same strength as 

that made on the plant the same day in the absorbent, which represents 
100 litres of gas. * 

Nitration Method.^— The same apparatus is recpiired as for Muller’s 
test. The first and second absorption bottles contain a mixture of nitric and 
sulphuric acids in the proportion of 70 per cent, sulphuric and !l0 per cent, 
nitric. 

No. 3 bottle contains distilled water, and 

No. 4 „ ,, 2 N/ 1 caustic soda solution. 

The U tube contains calcium chloride. 

Nitration of all the aromatics takes jilac-e in the flrst two bottles and 
niTrous vapours are caught in the last two, water vapour passing from the 
last bottle being caught by the U tube. I’he test is carried out as in the 
Muller’s N^t, with the exceplion that, ice is not reipdred. 

(C) Vapour Pressure Method.— The following nu'thod and description 
of a])paratus wais given by Biirrml and UoIkuTsoh of the U.S. lUireau of Mines 
1915, and set forth by Mr Louis C. AVhiton in a contribution to the Janrnal 
of Industrial and Emjmperimj Chenlistrt/. * 

The appafatus consists of a buU) 6 inches long, having a i*liglyt, c'onstric- 
lion in the centre. The upper portiort of the bulb contains glass wool mixed 
with phosphorus pentoxidc to* extract all the moisture from the gas. Con- 
nected w'lt^ this bulb is a mercury manometer aifd an entry and exit tube 
with a ground glass tTiree-way pock. 'The ai^ is first evacuated by means of 
a vacuum puiu)), the gts to be tested -is sucked in, and the three-way cock 
turned when tli^ gas is under barometric pressure. The entire bulb is then 
placed in licpiid air in a Dewar’s flask (^' a mixture of CCL-snow mixed to 
a consistent qI slush with alcfhoj^ir acetone. It is allowed "to remain ^-here 
for ten minutes, ihc temperayue being approximately -78“C. The benzol 
freezes out at this temperature, anddthe ^0^ , llgT ^’11^ . Ng . and 

which have a high vapour pressure at this temp^'ature,* are eva(#iate&«by 
means of the vaeffum pump, th^*cock turfled to seiii fjife system, afid the 
apparaj^is* brought to the room temperature, 'the partial pressure of the 
benzol vapour i^ rftristenid on the manometer^ and this result divided by th‘e 
barometric pressure* x lyO indicates the per ceiitT of benz§l. 

The above* m(?thod has *1)0^1 sliglftly modified by Dr H. h\ Coward, a 

^ ify the Aiithof ((ras World, CoWng Section. May 1917), 
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U tube having*grouiid gfans stoppers bejing used as the phosphorus pentoxide 
container. Ily this method Dr Coward claims to make an estimation of 
bqjizfene and* its liornologhes in a sample of <:oal gas in 15 minutes, obtaining 
figures corresponding with the yields of the plant. , . • * 

The Lessing “ Dry ” Process. — Dr Lessing, in a paper to the 
Loudon Section of the Si'^ciety of Chemical Industry,^ describes the following 
apparatus, a diagrammatic view of which is given in fig. 10, and gencial 



IYg. 10. 


viev' in fig. 11. The coutainer A m fiVed with oil-soaked ])orous material C, 
which rests on a perforated bottom B, aied Exerts only a f*^g%ible back- 
pressure to the gas. ^The gas to be tested enters through Hhc stop-cock D, 
passes downwards ,iihrough tlite mat1^*ria,l,“and through the gas outlet E into 
th^gas iiTcter. The use rubber tubiii| 3 ^hould be avoidtd as far as possible. 
The container A is surrou^ided by a jacket C, which is provided with ’a 
gauge H, and drain-cock J, ^nid is^filled with water ^during the *sc*ubbing 
period. The gas is passed . through the apparatil^s at th(j> rate of •about 
5 cubic feet per hour, and aliout 1(H) cubic feet are uised tor one experiment! 
This wiH^ therefore, cover a period of twenty hhurs during which time the 

^Jour, Hoc. Chevi. ImL, Febriihiy 1917, and Qid^Woiid, ^^arch 3rd 
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apparatus does not require an>y •attention at all. 8top-cocTi% E ftn(;J*D _are 
then closed, K ift opened and the wjftcr rim out througli the idrain-eock J, 
until it fills only about one-third of the jacket. j^«gas ring buryer K is^then 
lit and stream ^s raised yi the jacTtet, the excess steam escaping through flie 
condenser 0. When*the water is well boiling, K is shut and stop-cocj^s M 
and N are opened, the pressure Idiving been relieved from time to time 
through^N ; at the same time the bftnseu burner vS*is lit, ^ Thc*steam raised 
in the jacket now passes through the sidierheatcr coil L and stop-cock M to 
the t>ottom of the inner container aifd up through the absorbent material. 
The steam ant} vapour pass through N atyl condenser (). The products of 
distillation are collected m a graduated funnel cHmipod to the stand under 0. 
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P is the irlet for tht^ cooling water and Q its overflow. The charging hole T, 
through wdiich the material iscput inlo the a*pparatus, is closed by a screw-cap; 
any water oondensing ill tlie vessel or shirplus oil is drawn oft through drain- 
cock*F. The Steam distillation, including heating up, takes *lrom one to one 
and a half hours, and is usually carrioul tmt until tli^^ absorliod naphthalene is 
distilled To avoid bliftkages in the condenser it is advisable tiV allow 

the cooling wati^- to get holt before the naphthaleiitt ^tage ^s reached. By 
drawing off the hot water and riYliniifg 4X)1(^ wajer thj»pugh the jacket the 
apparatus cools ^pidly, and is ^J^cn reiuly^for scmibbin^ again, thatf*the 
complete^ cycle of operations can be carried out liithin twenty-four hours, and 
therefore daily tests yan be made. , 

111 the *8114800’’. T'<- •estimation of bonzoT sw^d toluol Dr H. Cf. Colman’s 
*methc^ is foUowe&. • - * 

Freezing Method.— Qiiite r^ently a new method was su^ested by 
Jiniile ^nte-Qlaire-Deville of ?.ari8, and which the Author, having slightly 



14 COKE-OVEN AND BY-PRODUCT TYOBKS CHEMigTEY. 

modified it, str'ongly recommends where t\w> apparatus is Obtainable, the 
iigiires olitained boin<^ extremely aecirt*atc. . . ,• 

Jhe prirjiciple upon wViich tlie method is4)ased is, that if after drying the 



gas it is cooled to a very low temperature, the crud« bcflzpl becornea» frozen* 
and can le collected in a suitable vesselc^ 

TJie apparatus used is ^hown (fi^i 1 2). 
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• Gas is passed throiig!i yieter, and then cle^^ned’anly dried. by jpassing 
tljr©ygh cotton .wool to remove sns])9nded matter, and through two calcium 
chloride vessels to remove tho*b\ilk of the water vapour, the final traces of 
which being reuioved by a tube containing phospl^oriis pentoxidd. * 

The •cleafi tiry gas then passes through two empty absorption tubes, 
surrounded by a mixture of acetone and carbomdioxidc-snow, mixed td the 
consistency of a thin paste, contained in two Gewarls? flasks. j 

A tt^nperature of — 72“ C. is obtaii^able, at which all *1110 constituents of 
crude benzol arc^solkl. ♦ ♦ ♦ . 

}ly removing from the freezing mixture and allowing to rise to the 
temperature bf the atmosphere, the solitl ma^s melts, and can be either 
nu^asured or weighed. 't\nother point of advantage is that the resulting 
benzol is entirely free from traces of an absorbent, and therefore can be used 
for accurate analysis. 

* The carbon-dioxide-sno \4 is prepared by tying a line canvas bag over the 
outlet di 4 •cylinder of litpiid carbon dioxide and opening the valve (tig. 13), 
the reduction of temperature, owing to the sudden expansion, being sutficiant 
to form solid carbon dioxide, which collects in the bag. 
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ANALYSIS OF THE GAS. 

Sampling. — Samples of gas a»’e usually obtained by means of a sample 
tube (fig. 14). The bulb (j and’ tube A are completely filled with water 
and connected up to the pipe from which the srinple is to be taken as 
shown. First open tap I) and tlien E, and allow the water to run out until 
the level (1 is reached ; gas taking its place. Quickly turn off E and D and 
disconnect from A. 

Hempel’s Apparatus. — Measuring a definite volume of gas for analysis 
is-performed in a Hempel gas burette shown A, 1>, C (fig. 15), and consists of 
two tubes A and P>, which are joined by a long piece of thick-walled rubber 
tubing C. The tube B is the measiu’ing tube and is calibrated from 0 to 
100 c.c. in Jths of a c.c. from the bottom. The tube A is a levelling 
tube. The measuring tube is fitted with a glass tap, to which is fixed a piece 
of glass capillary tube S, bent as shown. Water is poured into the levelling 
tube until both tubes are about half full, care being taken to remove trapped 
air bubbles from the connecting tubing C. The levelling tube is Ihcii raised 
with the left hand, and the glass tap \\' opened with the right, until the 
water comidetely fills the measuring tube and begins to overflow, when the 
tap W IS closed. 

To transfer 100 c.c. of gas from the samjile tube (fig. 14) to tlie 
measuring tube, the former is clamped in a vertical position, to the bottom 
tube being fastened a short length of glass tube dipping into a'oeaker of 
water, the top being connected to the glass capillary tube S. The levelling 
tube is then placed on the floor and the glass taps W, 1), and E are opetied in 
the above orilcr Gas streams into the measuring tube, the displaced water 
passing into the levelling tube. The gas drawn from the sample tube is 
riiplaced by water drawn up the tube from the beaker. Kathfcr more than 
100 c.c. of gas should bo allowed to dnter the measuring tube, the three 
glass taps are then closed, and the levelling tuke placed on the bench. The 
apparatus should be allowed to stand for about two minutes, to allow the 
water adhering to the walls of the burette to {^un to the bottom. The exact 
measuring of the 100 c c. of gas at atmospheric pri^isurc is carried out by 
bringing the eyJj to fhe level of zero mark and compressing th^ niLber t^ibing 
G between the fingers until the li(pi»M ^tands exactly at the same. To reduce 
the os or-pressure in the levelling t\i\>e whiftj tUi rubber tube ij^n^ssed tight, 
the tap W is op'cnpd foy a moment, 100 c.c. of ^the gas theii stancling under 
the required conditi^)ns of teruperature aiid pressure. This is confirmed by 
holdfng the two tubes by fhe iron feet sopiat the meniscu.^ in both tubes are 
exactly level. Th^^bcK/tom ^ of the meniseVh in the measifring tube should 
stand exactly at 0. * • ^ 

The absorption pipette shpwvi in fig. 15 is one of ^the setie^ listed witfi the 
apparatus and is known as the simple pipette. Th^ portion D is filled with 
25 per cent, caustic potash solution, \V‘hich ri^aclres into tile syphon bend of 
the capillary tube up to the mark^F, the bulb E remaining nearjy empty. 
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In order to make an absorplion, the capillary U tlibe is cortiected \vith the 
burette -by tlm capillary tube S.* The tap W and the pincli-cock’ V are 
opened, and on raising the levelling tube the is driven •over i*to 1), 
where ij: dij^daces Hq^dd into When the whole of the gas has ffoen 
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transferred, the piiich-cock is closcd^and thu burette disconnected, the 
absonAion is exppditi'd by well shaking tl^e* pipette. When absorption • is 
^complete, the hiiretl reeoi'nectcd and the g^s drawi^back into the latter 
for nniasnreinenti, takhig care to l^ing the level of the caustic potash 
solution back to the mark Tl\^ pinch-cock and tap are closed and the 
burette ftgain disconnected. The gas i^bnuight .to atmospheric pressure, as 
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■ ' ' ^ ^ « 
before, by the ibeniscus in bath tubes to the same level. The 

readin<; is noted, the fiii^iire reprosentiiig the number of ^.c. of-ther’gas 
absorbed, or 'otherwise tHc percentage of ^^arbon dioxide, caustic potash 
solution being an ex(;ellont absorbent for this gas. t , , 

IXie caustic potash pipetbs is then replaced by a double pipette (fig. 16). 
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The bulbs A and H arc IHIihI with pyrogalla.t(‘ of potash solution prejiarcd by 
dissolving grammes of ])\rogallol in 200 o.o. of a 25 per cent, solution of 
caustic potash, for the absoi plion ol oxygen. The bulbs C’ and Dare filled 
with water. I’he two bullis A and ]> work exactly as the two in the “simple 
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pipette.” The last two bull s ( J and ,1) working with them and merely serving 

as a protection for the jiyrogallate of potash solution frpm the oxygen of the 
air. The difference bet weep '■tlie levels in the burette before and afthr the 
absorption being the percentage of oxygen. t ' ^ 

The ^mxt pipette contains fuming ,s}dph’ari(* acid for the absorption of 
olefines and benzene va])our, this being followed by another ^ doubb pipette 
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containing acid cuprous cliloridcsolntion for the absorption o^ carbonic oxide, 
the’ ftolu-tion bdng prepared by dissolving 30 grams of the solid in 50 c.c. 
of water and 150 c.c. strong l^drochloric acid, ^M^e solution being kipt in 
contact ^with, copper strips, in order to keep it reduced. There is tlien Tcft 
for estimation, hydrogen, methane, and nitrogen. The burette contfuning 
the ly I absorbed gases is connected to an aspirator bottle tilled with oxygen, and 
by lowering the levelling tube, oxygen is drawn into tlu^ burette until the 
mi#[ture of residual gases and o^geif again show 100 c.c,, ^lie^tap being 
closfd when the*voliime rises at atmos'\)lieric pressure to that mark. 

The explo^iion ])ipetto (fig. 17) is thew attached, the two ])iilbs A and !> 
being filled with mercury. The gases passed in\o A and the glass tap Cl and 
pinch-cock X are closed, the burette also being disconnected. An electric 
spark is caused to pass across tliC top of the bulb A by connecting the two 
vviKes P and S, fnsed lliroimh the walls of the bulb, h) cither a magneto or to 
an iiidiiptiop coil, driven by a dry battery. After the explosion open the tap 
C and re^onbect on the bui'ctte, pass the residual gases into the latti'V and 
measure the contraidion. ITydrogcn combining vwth the oxygen forms 
water, and methane on burning produ(;es its own volume of carbon dioxide. 
The amount of the latter produced is ascertained by passing the gases 
into the caustic jiotash })ipotte again and measuring the further l^ontraction. 

The contraction after the explosion, minus twice the volume of carbon 
dioxide found (representing the contraction duo to tlie methane and its 
refiuired oxygen), gives the contraction due to the hydrogen and its ro(iuired 
amount of oxygen to form wa-ter vapour. Now, liy volume of water vapour 
is hydrogen, therefore of this last portion of the contraction denotes tlic 
jiercentage of hydrogen. Nitrogen is obtained by subtraction 
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Example — 


After ])assiiig the caustic potash pipett(‘ 

,, ,, [lyrogallate ol {>otasl%])ipotti* 

,, ,, fuming Milplmiic ac’d jupette 

, * cu])i()us clilondc ])i|fctt(' . 

Ih'sidin' left ... • 

Made up to . . . ^. 

After ex})lo(]ii!g, contiaetiou 

,, Hcec^nd ahsnrptif\|i hy (■austi<‘ |)Oliish . 
Now hydrogen 21 4 -(2 '8) . 

Nitrogen hy (hirerenoo • . . 


The tola/ from 100 'per cent, 

lO’Oc.c ahsorhed- lO’G't, ('O.j. 
110^,. ,, O-l", 0.« 

11 0 0*0\.,{:Jb. 

30-0 ,, ,, •10#;;, CO. 

70‘0 ,, 

100 ‘ti ,, with oxyg('n. 

,, 

‘ 22-2 ,, 0 - 8 % CH 4 . 

12 2% H.> 
r.7 0 % N., 


OtuilN Cas. 

Example—^ ' * 

After passing the caiistif' jmtash pipette*' .* ^ *2 0^0 ahsfjiheil 2’0%CO* 

,, ,, uyrogallate of pota^pipette . 2'4 ,, ^ 0'4'CGj. ** 

,, ,, niniiifg sulphuric acnl pipette ,* 4‘^8 ,, * f,* 2‘4% C^Hj. 

,, • ,, luprous chloride pipette . . 9'8 ,, ,, S’OC'jCO. 

Rci^nie loft . . . . ^ 00 2 ,, ,, 

IlalT this.vftiuiae of ^ *niadeupto. . , 100;0 ,, witli oxygen. 

' Aft 6 r^ex]>loiling, coiAraet#n . . . . 68’7 ,, 

,, second ab.'T oration hy caiTstie#)otash * 82*8 14‘1 '/ 2 ==28‘2% CH 4 . 

Now hydrogen 88 7 - (2 x U'l ) 40’5 ; V' 2^ .... -54-0-#Ho. 

Nitroge'^i by di'!'er4nce ^ 8 ' 0 %N 2 . 
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Orsat-Luilg’e Apparatus. — This .^paVaAus (fig. 1 8) is contained in a 
woodch box with removable back and front for convenience oP transport,* and 
C 0 Q.sist 8 of a measuring bifT/^tte B, having a c^ipacity of 100 c.c., contained in 
a water jacket, and connected at its base with a levfflling bottle the top 
communicating by means of thick-walled, parrow-bore, glass tubing, provided 
with four brc*yich tubes ai^d stop-cocks, with four absorption pipettes, F, 
and (.1, filled with Irne glass tubes placed vertically so as to present a large 
surface to the, gas. The absorbent exj)elle^ by the pressure of the gas passes 
through a connecting tube into the rear j)ortion of tlie jjipette, whioh is 
similar in shape to the front portmh, but empty, the top being connected to 
small bladders, in order to Exclude air. The end of the capillary tube C 
communicating with the pipettes terminates in a tliree-way cock, by means 
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of whicli the sample is drawn into the apjiaratus, or the contents can be placed 
under atmospheric conditiaus. * 

The pipettes D, K, and F are filled respectively witk solutions* of caustic 
potash, pyrogallate of potash, and acid cu])rou?> chlorjde, for the absorption of 
carliou dioxide^ oxygen, and carbon' monoxide ; (1 is tilled with water and 
connected to the gKass capillary tube by means of a small Ifent tube fl con- 
tainipg platinum or paUntdium asb<5sto<>, wjiich is arranged so that it can bo 
heated by the small spirit lamp K. • • * 

To carry out &u » milysis, place the water battle A on tlfe top of the case, 
aufl,opep tlic threv-way eock*lJ K) the atmosphere, allowing the burette B to 
fill with water up Ip tjie Vapillavy mark.* %,Connect i]\^ ol^d of the capillary 
tube 7j with the gas sup})ly,«and tluvlower end of the three-way copk L with 
an india-rubber pump by maips of which the air is remi^ived from the con- 
ducting tube. Tlie gas ist*tiow drawn into the iTurette by fewering the 
water levelling bottle and turning t^le three-way ctek tliyough 90 degreefl, 
thus opening the apparatus to the ps s^ipply^^at Z and cutting it off from the 
pump S. iVlore than 100 c.c. of ga^ are drawn into the buii^ttfi, the^hree-way 
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coclt is closed, and the gas c5mpre|sed until the water level^ises to th^ zero 
mark. ^ \ 

The connecting tubing is tlicn 8(|iieezed by tlfo* fingers and ‘the taJ5 U is 
opened ^or a^i instai^jb !n order to put tho burette under atmospheric pressure, 
when there will be exactly 100 c.c. of gas in the apparatus. Tho •three 
gases* CO2, O2, and CO are then al^sorbed in ord*5r by raisinj^ the levelling 
bottle e,nd opening the tap on the corresponding pipette.* The absor})tion is 
hffctened by passing* the gas from ^hejuirette to the pipette and back, several 
timbs, by alternately raising and lowering the levelling bottle. In each case, 
the absorption must be repeated until coi^stlint reading is obtained on 
the burette, the readings of the latter being taken as with the Tfempel 
apparatus. 

The residual gas is halved by allowing a half of its volume to escape at L 
aitll tho remainder made uj to 100 c.c. with oxygon, *all readings Ixiing made 
at atm^sjjjwric pressure. Tlie spirit lamp is then lit, and when the tube 11 is 
hot, the mixture is forced through it into C, combustion taking place during 
its pas, sage. Complete combustion is assured by jia^sing the gas three times 
through II. The total contraction is measured, and the residual gas again 
passed into the caustic potash pipette J), the absorption representing methane. 
The per ‘cntage of hydrogen is calculated from tho obtained data, in the same 
manner as with the Ilonqiel apparatus; nitrogen being then obtained by 
diderence. 

Calorific '\IdA\Xt.~-{Calcnl(Uion f mm Analysis). — When calorific values 
are required it is possible to calculate the same from the analysis, by 
multiplying tho p(‘rcentago of each combustible by the (;alorific value 
of that gas and dividing the result by 100, tho results being added 
Cogother. 


Emm pie — 


Coiiibustiblos, 

Analyhi.s ^ 

li.Th U.M 
n'l' (hibic Foot 

IhTli.U.s. 

Hydrogen , 

54-1 

541 ■ 325 

• 

17f)-825 

• 

Methane 

U-2 , 

,noi 34-2x 1024 ^ 

350-208 



” 190 

EthylenS 

• 3-0 

3-0x1603 

, ” . 100 

48-09 

Benzene * ^ 

1-0 

2718 „ .* 

100 

37-18 

Carbon mon<.xido 

5-9 • 

• : r,-9x3*o ^ 

19-#7 

* 


100 . * 


Calorific value of gas in li.Th.lIt}. per c»ibi8 foo^ 


IJor practical estimations of caloiific valutis sec “Calorimetry.” 


, Specif7c of Gas. — The specific gravity oi a sample of gas can 

also be calculated from \he^najy.sis iiiethe same manner as the calorific value, 
substituting the specific gravity of <;1io (^nstituents. The following is a list 
of the various ga^es : — 
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C.arbon dioxide 

CO, 

;1-5^9A 

flxygen ^ 

Oo 

MQo 

(krbon moifbxide 

co“ 

•955 

Methane 


•562 

Ethylene 

C,H, 

r982 

Hydrogen 


, -069 

Nitrogen 


•971 



results obtained slioiild be checked by cstiinS-tioii 
in the follow|njj^ nuinncr : — A 500 c.c. roun<hbi)ttom flask A 
(fi[^. 19) IS fitted with a rubber • stopper, tlirough which 
[)<asses one limb of a fi^lass stop-cock B. The flask and 
fittings are weighed dry, and then filled with water up to 
the stop-cock, and weighed Mgairt* 'I’he difl'ereiicc in weight 
gives the volume. The latter can also be cstiuu|,t'.i(l by filling 
with waiter and measuring it out again by moans of a care- 
fully graduated cylinder — the former method is, however, 
to be preferred. 

Into the flask is then poured 15 c.c. of water, the stop- 
cock IS opened and the water boiled until almost dry, the 
flask being then filled with steam. Whilst boiling, close 
the stopcock and take away the bunsen burner simul- 
taneously ; wrap the flask in a duster and ccAjI under a 
water tap, to the tempin-atiire of the room. Weigh the 
a[)[)aratns. (kmnect S with the gas supply, and cautiously 
open B, admitting gas to the flask. When filled, close B 
and re weigh. Pour out the water from the flask into 'a 



Fic. 19. 


weighed beaker, allowing ample time for drainage, and 
A reweigh. The diflerenco in weight represents the volume 
rJ in c.c. of the water in th^^ flask. This deducted from 
the total volume of the flask gives the volume* of gas 


admitted, the weight of which is found from the diflerenco 
of the t;WO weighings, before and after filling the flask with the gas. 


Specific gravity 


\feight in grams. 
\olumeMi c.c. 
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FLUE. GASES. 

There are tested for carbon dioxide, oxygen, |and carbon monoxide, usually 
in an Orsat-Lnnge apparatus. The sample is obtained by passing into the 
chimney or flue an iron pipe about four feet in length and litted with a 
rubber tube and pincli-cock, tin; hole round the ])ipe being made air-tight 
with cement or fireclay. •The rubber tube is connected to a Fletcher’' 
aspirafor* fl»d the pinch-cock is o[>encd. (lases are diawn through the pipe, 
sweeping out the air present, due to the draught of Uie chimney. The pinch- 
cock is then closed, and the aspirator replaced by the sample bottle fig. 14, 
or by the inlet to the Orsat apjiaratus. If the sample bottle is used, the 
lower limb must be sealed by moans of a short length of rubber tube 
being attached which dips into a b(‘aker tilled with water, this preventing 
atmos})heric air from being drawn into the sa,mple bottle by the pull of 
the chimney. The test is tlien carried out in tlu; saiiu' manner as with 
coal gas. 

CO 2 Recorder. — There aie (juite a number of these instruments on the 
market, two of whicli ari*. here di'scribed 

» The Simmance Af^adt/’' CO.y /icrmv/rr (tig. 2t)).— There are four vessels 
in this apparatus, which arc termed n'spectively : — d’he Spilion Tank B, 
Extractor I), Recorder F, and KMO Vessel F. 

A small stream of water is the motive pewer for effecting the whole 
of the operations describ^l. 

The Siphon Tank is furnished with a heavy float (1, which rises 
slowly as the water fills up tUe tank, and falls (juickly as the .tank is 
emptied b3i,the action of the siphon. , 

The FxTRAOTOii consists of a ifiovable gas chamber 1) attached to the 
float by means of a chain* M passing over two pulleys and working in an 

outer tank filled with water. • 

• • 

The Recorder consistf^of a .'?mall gas holder with internal staudjiipe 
and rising boll F sfispcnded from a sensitive balance S moving over a» 
divided scale^N. ^ • 

The (Iaustic Potash (KHO^ taftk F consists pf a steel tank fitted with 
gas inlet TfTpple and outlet?, ifud furisished with an overflow pipe li closed 
with a pinch-cbek for drainkig off excess. • * ♦ 

A small Water Cistern K is fitted *vitfl a yater (ymnection and^cock X 
with an injectqj,” nozzle A imiii^^kately b(jlow fo» exhausting the^gasCi?, and 
a loosg valve .1 for discharging tbe^ontentsi of t1ie*cistern (luickly at the 
mq^ent of sipljoniiig ; a Waste Water Tai^^ and outlet Y is also arranged 
in bottonS of»casc > *irry away the water nfter siphoning. 

A non-rytuui*liqu^ seal U on the gaS inlet P, wi^h a safety-seal bubble 
bottle T on the injection c^nne^ion P‘, are arranged on the^ide of the 
case. ^ • 

P 
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'Action of the* Recorder. 

is allowed to fay, in to the tank B 'From the cistern K. Assuming 
th?it the former is nearly full, and t])e weighted floa^ C there/ore Dear the 
top, [hen, as the water still continues to flow, the float will rise higher until 
it touches the end of the drip valve .1, quickening the supply and startling the 
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it through the KHO solutiou«afld mit through veht pipe l\>unt]I the eud of 
the ‘latter, whft^h is fastened to tht' side of the extractor, is sealed on the 
water in the tank. On this pofnt being reached,<^tiie reniaindoi'-of ^he iainple 
passes pp iQto the ricording tell as the extractor is lowered further into 
its tank. ^ • 

''^’he amount of gas trapped off in 1) by the seabng of the vent pipe, when 
transferred through the KHO, is jiftt sullicient to raise ^he recording bell F 
fr»m KJO to 0 when the apparal^is is* working on air con taiiynj^ practically 
noiJO.,. Wheif working on flue gas ifxactly the same (piantity is jiasscd from 
the extractoi; D, but on its jiassage the liO^ is absorbed hy the a(;tion of the 
KHO, and owing to sucji absor})tion the recold(‘r bell F will not rise to its 
full height. It is allowed to automatically rise as far as it \\ ill and a pen 
then marks on the chart its final position, 
oii the reading, can be taken from the 
scale if. The percentage*of (.H); in the 
sample ^ finis automatically recorded. 

The pen is brought into opeiation by the 
last upward movement of the float, and 
the siphon again discharges and the 
whole operation is repeated , the bell F 
being vented and the analysed gas dri\en 
out through tin; vent pipe U as the latter 
is drawn Qut of tin* water. 

It will be seen from the above that 
each sample is measurcid off under the 
same conditions of pressure, irrespective 
wof the vacuum or pressure at which tlie 
bulk of the gas may be, this instrument 
being cojistructed to work accurately up 
to 3" of vacuum. 

(2) The “Albion” CO.^ Recorder. 

— Fig. 21 shows a diagrammatic section 
of the machine. A trickle of water runs 
into tank ^ until it overflows at the 
open end of pipe H, and falling linto 
pan C, carried on lever ^ pivoted at 
E, fills, and depresses same, causing valve F .to lift, allowing the water 
in A to* run out i^uickly. Part pf the water being directed by pijie G 
into pan, keeps it full^ until %he water in •A has fallen to level of valve’hox, 
when the siphon in pan C empties it, and the valve is closed hy balance 
weigHit H. T^ie filling action then recommences, and the cycle of operations 
is continued automatically. Th(^ water supply cai4* be regulated to ^ive a 
record every^four to ten minuted as desfl’cd. , 

During the^all of water hi tank AJIue gas is drfiwn flirough pipe I, and 
its water seal J, and hlls chamber R, and«on*the ceturn^of the wat^r, of 
this enclosed passes hy piji>h< through the^wi^^ei^^seal in box»M, and 
escapes, to the atmosphere through pi|)e N. When the water reaches the 
low(jj:*end of the^iip® L, the reiuaindcr of t|i<i gas being entrapped is passed 
through tile cilpilk ?ubc to the potash P, l^ihhling through the 

solution whicji absorbif thp CO.^, aiK^ the remainder collected under cone Q 
passes up the connecting pip^ Q yto j^ell K, causing it to lift. *6ince the 
pipe lA is movable up or down, the, quantity of gas retained in the 

“ - g 
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upper jJart of •K can bfi accurately adjustefll, and when once set needs 
no correction. * ‘ ' 

^Tbe fall erf the water A uncovers tbnt end of pipe S, which being a 
branch from Q allows the gas in Ji to escape, and the hell to fall Jo iti^ norinal 
position as shown. 

The bell is connecteji by a chain to tlie quadrant T balanced by weight 
U, and this rcvolvcts until 80 per cent. o1 the full stroke of bell is coinpfeted, 
when the stop, V engages with the pbn l(^ver W and depresses sanie, and a 
line is drawn by pen X on the chart Y carried on a clockvvorlv- driven drum. 

It IS obvious that the lift of the 'bell will vary according to i^lie amount of 
CO.^ gas absorbed by the caustic potash, and the length of line drawn on chart 
will be longer when the proportion of CO,, is smaller, and 'fu're versa, d'lie bell 
is accurately balanced at all parts of its stroke by the varying radii of the 
ipiadrant, and the gas is* under constant pressure. 

The water level in bell tank, and the seals .t' and M are autom^itically 
maintained by ports communicating with llie main 



tank A. Adjusting screws on the base plate permit of 
quick levelling of tin* machine, which is ^usually con- 
tained in a strong loi^k-up metal case with glass door. 

Sulphur Dioxide. — Tins is estimated by means of 
a “Fletcher” aspirator (fig. 22). b'O c.c. of hydrogen 
peroxide and 150 (;.(5. of distilhA water are placed in 
the aspirator and half a cubic foot of gas, is washed 
with it, by filling the aspirator, which holds cubic 
foot, five times, thoroughly shaking each time The 
solution is then poured into a white basin, the aspir- 
ator rinsed out with distilled water and the washings 
also added. Methyl orange is added, and the whole is 
titrated with a standard solution of sodium (i'lrbonate. 
The test is based upon the reaction 

H2(),+‘SO,_,= H2SOj. 


Fi<;. ‘ 2 ‘ 2 . The amount of Bulphu-ic acid being found by titration, 

♦ , and this being calculated to sulphur dioxi^le. With a 

normal solVition of sodium carbonate,* a certain amount of calculation is 
necessary for each estimation, therefore usually where a number of tests 
have to be carried out daily, a standard solution is prepared, 1 c.c. of which 
represents J grain of SO.^. Hence if -] cubic foot of* gas is waslied, the 
number of c.c. neutralised will represent the *numbqr of grains of SOg per 
cubic foot of gan 

Another method* depends upon the reaction of SOg with iohine solution — 
a measured quantity of«the gases b'ein^' parsed through the standard solution 
of iodine. Th^ standard solutions 'used fbr this estimation^way be the 
N/10 solutions, in ^hith case 1 c.c. of Jhe iodine fand therefore indirectly 1 c.c. 
of Jljc tltiosulphato) is eqchvatenff to 0-(J0d2 gram of sulphur dioxide. It 
is mor<i' conveniently liowl'ver, ajid simjSWres the calcuhit'ions, to employ 
solutions of such a strength that Uc.c. shall equal 1 c.c. SOg measured at 
N.T.P., i.e. 0’0028fi7 gram instead of 0*0032 gfam,. Such soSrutions 
will contain IFSTO, grams of ‘iodine, and 22*22 gramS of sodimn ttniosulphate 
per litre respectively, and they may^be prepared ffitlicr , by ^ weighing out' 
these quivutities, or by diluting the^ordyiary^N/lO solutions; 100 c.c, of the 
N/10 solution (both the iodine and tlje thiosulphate) being diluted to Ml *6 c.c. 


FLUE dASES. 
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Incases where the percentage *of |ulphur dioxide *in the ga^ under fcxamina- 
tion'is Very small, it is better to employ solutions of one-tenth this strength, in 
which 1 c.c. is equivalent to 0^1 c.c. SOg. One iiAndrod cubic uentimatrqg of 
the standard iodine solution are placed in a flask fitted with a cork carrying 
two tubes, one reaching to the l^>ttom, while the other ends just beltfw' the 
corkf as shown (fig. 23). The former of these tula's is connected to a piece 
of narr(iw metal pipe G, which is thrust into the flue through which the furnace 
gitses are passing., Tlie other ti*be js attached to tlie large.bol^tle A, filled 
witn water, which serves as an aspirator.^ The water is allowed to flow slowly 
out of the bottle by means of the screw clamp, and is received in a litre 



cylinder. The flask foiitaining the iodine is shaken at frecpieut intervals 
durmg the process. Wlicn the cylinder is full to the litre^mark, it is either* 
chajig(3d or the clamp is closed for a moment while the Cylinder is emptied and 
then reopened — a record b^ng jnaJe dt the number of litres tlnis drawn oft’. 
During tlV??’ exj)eriment the temperatifre of the water is tal^en (which* will be 
the temperature of the gas)i and the Ijeight of the bai%m^ter is noted. When 
8 or 10 litres of gas have in this way •bemi aspirated through Jihtk^ iodine 
solution, the pHecess is stoppeofcp itnd 25 Cjc. of tlfc igdip^ are transferred to a 
beaker «and titrated with the standard ihiosulplfate. As soon as the red-brown 
col^itr of the iaidine jolution changes to straw colour, one or two drops of 
dilute stal-ch %ol 11 ^ .i are rdded, and the thioSulphate admitted drop by drop, 
until the blue colour h di^schayged. *A duplies tc titration is made in a second 
portion of the solution. 
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Example — ^ 

• Gas drawn from the fine of a eoke farimce. 

Volume of water (fr&wn from aspiratfx: .... 8 litres. 

Temperature . . . . . . . 1*7° C. 

Atmos])herie pressure . . f . . . .760 mm. 

Therefore volume of gas operated upoii= ^ 7 '53^7 litres 

\ V ^ ^ atN.T.r. 

100 c.c. of iodine employed in tlie absorption flask, ^ 

(1 c.c. = 1 c.c. tlili)sulpliate -- 0*1 c c. SO., at N.T.P.) 

After absorption, 25 c.c. iodine solution required 17 c.c. thiosulphate. 


Volume of thiosulphqtc required for 100 c.c. — 17 4^68 c.c. 

and volume of SO., absorbed = -- 3*2 c.(^. 

10 • 


Hence 7530 7 c.c. of the furnaco gases conlain 3*2 c.c SO^ ; 
3*2 100 

or _ =-i0 425 percentage SO^ by volume. 

/ 1 ) 30 ’ / 



CrfAl'Tlill V. 


TAR DISTIJ-LATION PLANt. 

The Testing of Coal Tar. — .S'/JCrt’/iV (iranili /. — The sjieeihc fjravity of 
samples of tars taken from various coke oven Jilants vary considerably, duo 
to the different conditioifH undm- which tlie tar is extracted from the ^as, and 
to the temperature of carbonisation. With thin tars, a fairly approximate 
result can be obtained by means of a Twaddle’s hydrometer 
the sample Arst beinj^ Ihrought to G0“ F. ; but with thick 
r other*n%thods have to be used. The Autlior favours the 


tar 

use of the special specific gravity bottle, designed^by Lunge 
and shown in fig. 21. Tlie operation is performed as when 
estimating tlie specific gravity of solids thus : — 


( 1 ) 

(^) 

(•■i) 

(■t) 


Weight of bottle empty, 

,, filled with water at (>0° F., . h 

,, 5 filled with tar, . . . -r 

• ,, I „ , the remainder 

beiihg filled up to the rill ((f) 
with water, . . . ^-d 


The specific gravity = 


C-A 

B + C-(A+l.)) 


Fic. 24. 

Tar containing water should first be dehydrated. 

The specific gravity is a {^:)od guide as to the percentage of free carbon, 
the latter rising with the specific gravity. 

Free Carbon. — (a) For yough comparisons of various t^rs the 
crucible test can be applied, as when testing coals — the free carbon being 
left behind after the volatile hyflroqirbons have been driven offl^. M’his test 
can be very advantageously applii'd as a daily tost of tln^ cpiality of tar made, 
since any slight variation (?r’ ipiality will be imrj^iediately observed, and more 
thorougli tests can,, be applied. 

(6) An extraction thimble is placed intaa Soxhlet’s apparatus and extmeted 
first with .90'' benzol, then with rectified xylene, and finalW again with 90® 
bein^^l, dried*aiid weighed, d'en grams of the sanpilc j^rc tnen weighed into 
the thimble, the latter fixed again the apparatus and extracted as before, 
extracting.**0 to 50 times with each solvent and until it runs away colourless. 
The thimble if! then remowid from the Soxhlet tub% djied in a steam oven 
and weighed. Hooper recommends extractfon ijO tim^s each of 90® 

benzol, {h) recti^ed pyridine bi^is, and (rj unmi»erjxlis(^d methylated ‘spirit. 
Church’s apparatus ^ is useful where a,>Soxhlet’« apparatus is unobtainable.^ 

Moisture.” 20(1 grams of tar are mixejl with 25 c c. benzol and 25 c.c. 
toluol, thVi wlcolo ^ ’ *g tr;msferred to a distiUation flask or retort, and very 
slowly distillled uf to «200“ C. The distillate, composed'*of water, benzol, and 

^ Coal Tar JHalillation, by A. ft. Warnes, ]». 229 . m 

See abc^Spielmann and Woodts raetfiod, Frre (^arbon in Pitch, p. 4G, 
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toIuoJ, ig coJIect|d1[n a*graduated cjlindei;an4 t^je amount of water read offi 
By carrying this test through slowly, tho whole of the water is distilled ever 
in les^ than 1 hour withf^iit frothing. Another method is to dry lOO grams 
of 'tar in a porcelain basih over a water bath until a constant weight is 
obtained, but this is only applicable to heavy tars such as- those obtaiifed from 
gas producers, etc., and which contain no low boiling substances, which would 
evaporate with the water,' thus giving an erroneous figure. * 

Distillation Test.— The laboratory distillation tests of tar ar^ Jit best 
only a rough' guide as to the yields, on a large scale, however, to a, tar 
distiller tliey are invaluable, since they give a eomjmrison of the value of the 
samples against that of a st^andard tar, tlie practical yields of which are 
known. ' 

For laboratory basting 2240 grams are taken, each gram yield then 
representing a yield of 1 lb. per ton of tar. 

Exactly 2240 grams of tar arc weighed into ai'Copper retort, fitted with a 
thermometer registering up to 400° (k, and connected to a Liebig uDiidenser, 
24 inches long. The side of the retort is vi^ry gradually heated by means of 
a Imnsen burner, no heat being applied to the bottom during the first hour, 
at tho end of which time the fiaine is increased and allowed to play all round 
the up])cr part of tho retort. When the thermometer registers about 80° C. 
the neck of the retort should be slowly heated, also the base of the retort 
should bo heated at intervals, until the temperature rises to about 90° C., when 
oil and water will come over freely. At this stage the distillation must not 
be hurried, since, so long as there is water present, there is always the danger 
of the mixture frothing over; the test being thereby spoiled. At first far 
more water comes over than oil, but as the temperature risec more oil comes 
over and less waiter, until at about 185°C. no more water is seen in the 
distillate, the latter being a greenish yellow coloured oil. At this point the 
distillation is stopped. The distillate transferred to a separating funnel, and 
the water or ammoniacal liipior is run off into a tarod 100 c.c. measuring 
cylinder and weighed, the volume at 60° F. Ijoing also noted. The specific 
gravity is calculated from these, and the ammonia content estimated by 
titraticiii with N/1 sulphuric acid. 

When the retort has been allowed to cool down, the separated oils from 
the distillaie aft’e returned to the retort,' which is well shaken, and the 
distillation resiarted, this time on dehydrated tar. 

At first heat is slowly applied, but as the tem})erature rises it is increased. 
Distillation commences, with normal tar, at from 70°,, to, 80° C., af|;er which 
the ‘temperature rapidly rises tp 120°‘C., ri.'i.ng from this temperature 
more gradually. * 

The distillate up.to 175°C. is collected in a tared measuri»-g cylinder, at 
wdiich temperature the cylinder is thaiged, being replaced by a larger one. 
The tirnperature is raised, the distillate cobin^ over at a rate^if one drop 
per second. Thetwa^^-jacket of the Liebig Qondenser is emptied at this 
stage |is a safeguard agai^^st f<ie ,coifdem,er blocking up with naphthalene. 
The* tece^er is again cha^iged \yhen a temperature of 220° C. is reached, 
and agam at 275" hist^fraction being collected up to 530° C. 

We have thus — (1) ammoniacal fiquor, (2) crude benzol up to *i7|5° C., 
(3) carbolic oils from 175“ C. to,5‘A)“ C., (4) creosote oilafrom Cf'''fcQ:27-*° C., 
(5) anthracene oil frflm 275° 0. to 330° C., (6) pitch rqsidufe. Fractions Nos.' 
1, 2, aiid^ are separately washed for erdf^e tar ucid^ and crude pyridine bases. 
The tar acids are extracted by mbansVif caustic soda, an ^aqueous i^olution 
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of which should be at 20“ (1»10 specific gravity). TJliis ’solution is 

heated to about 50° C. The crude Ueiizol fraction after weighing is put into 
a separating funnel, and washediwith 10 per cei^*of its own ^^lume if the 
caustic spda i^lution foB three rniriutes, by vigorously shaking the mixture, affer 
which it is allowed to settle and the aqueous layer run into a flask. A second 
wash is proceeded with, using htuf the amount of caustic soda solution 
previously used, the latter also bcTug added to *the flask. •The sodium 
ph«iiatc^li(|uor is acidified with 4(^° T. (1 ‘20 specific gravity) sulphuric acid 
sohft/ion, at the ftime time being kept dbol under the water tap. * lifimediately 
the solution liccomes acid the tar acids separate out in the form of a black 
oil which rises and forms a layer on the surfaeil ; they are allowed to settle, 
sojiarated, and run into a tared measure. The tar acids are extracted from 
the carbolic oil in the sanie manner, but the first wash is carried out with 
double its volui:ue of caustic soda solution, tlio second, and third washes with 
half tliis amount. The a^^difying is the same as with the crude benzol 
fraction, t^ie^'ield of tar acids being added to the tared measure containing 
the yield from the crude benzol fraction. The toUil yield is weighed, the 
weight in grams representing the yield in lbs. per ton of tar. 

Pyridine bases are extracted by washing with 50 per cent, sulphuric 
acid, 25 per cent, of the volume of tlic oils being tested being used three 
times. After allowing to settle, the acid layers are run off into a flask, made 
alkaline with 40° Tw. caustic soda solution, the mixture then being steamed, 
distilled, t^ie distillate placed in a separating funnel, 90° Tw. caustic soda 
solution added until no more eii separates, the whole allowed to settle, the 
pyridine bases being weighed along with the washed benzol and light oil 
fractions. 

• The wuished crude benzols and light oils are mixed together and 
transferred to a glass retort and distilled at a rate of 1 drop per sepond, 
separate 4 ’eceivers being used for the fractions. (1^ up to 100° (J., (2) 100°C. 
to 120° C., (d) 120° C. to 1G0°C., and (1) 160*0. to 190° C., tlie residue being 
added to the creosote oil fractidn. 

The. creowte oil fraction usually contains a large amount of naphthalene. 
It is kept at a temperature of 60° F. for six hours. It is then filteg'ed by 
means of a jjlter pump, until no more oil passes from it, the naphtlyilene on 
the filter paper being then pressed jDctwccn other filter pa*per^ until free 
from uil (an old l('tter-pres| being excellent for this purpose), and weighed. 
The filtered oil, after wa.shing out the tar acids iind pyridine bases, is trans- 
ferred tc^a tared i«casurihg cylindpr, weighed, and the volume noted, since 
the specific gravity of J.he vifrious fractions is necessary to calculate weight 
into galls, per ton of tar. ^ 

(inthrlfccne oil fraction contains a large amount #)f anthracene. It is 
therefore cooled to 60° F. for six ljoui% fiflercd, and jy^essed in the saihe way 
as in the crtMsote oil fraction. The anthracene cake thus oj 3 tained i? dried 
at 100°C. for fwo hours, c(5ffled and ^veighed. Thi wolflme and weight of 
the filtered oil is also taken. * • • # • 

The pitch is glso weighed andgcmlculated to on# top o^ tar. 

Thcj'csults of the analysis would b%tabulatfd as folfows : — 

• 

1. ' •noni'i cal liquor. 

2. *ilellzol (up to 100;C.). 

3. I'oluol (10f)°O. lio 120°C.). 

Xylene h20"C. to 1^0° C.). 
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«' f). Naphtha (160° C. to !90*<Cr). ' 

6. Crude tar acids. ^ 

7. Crude»jjyridiiic bases. ♦* 

8. Waslicd creosote oil (190*0. to 270" C.). 

9. Naphtluilcne. 

10. Anthracene oil (270" (1 to 330" (1). 

11. Antbraceno. 

12. ^* Oitcli. 



CHAl'tEH VI. 


TESTING OF THE FRACTIONS OF TAFE 

DISTILLATION. 

■» 

(a) Crude Benzol . — Fur analysis of this fraction see crude 05'^ benzol, 
page 81. 

ih) Crude Tur ylcofjs-. 'J'liese are a mixture of phenol, ortha-, meta-, and 
para-erofc'.ol^ ; ortha-, nicta-, and para-xylols, and phenols of the anthracene 
series, together with small amounts of naphthalene and water. 

These are usually tested, before further treatment, for the crystallisation 
point, and for the percentage of water, also for its specific gravity. 

Specific Gravity. — d'his is determined usually by means of a hydrometer 
or a specific gravity bottle, the sample being first brought to 60“ K 

Crystallisation Point and Water Content— 100 c.c. of the crude 
acids are placed in a retort and distilled slowly, the fractions being collected 
from the hmk of the retort in dry measuring cylinders. All the water and 
10 c.(!. of the oil is collected in the first cylinder, the next 62*5 c.c. being 
•collected in the second. The j>ercentage of water is ascertained from the 
first cylinder; tlic second one is cooled slowly to near the expected crystallisa- 
tion point, when a crystal of pure phenol is added, and the cooling continued, 
stirring continually with a F-ahrenheit thermometer graduated in tenths*of a 
degree. ^Vhen the distillate is crystalline throughout, the temperature 
registered on the thernionieter is taken as the crystallisation point. 

Carbolic Acid in Crud^ Phenols.— Mm. Kene Masse and Henri 
Lerouso presented to the French Academy of tScicnces, 9th Oct. 1916, a note 
U])on ^ carbolic acid and the estinfation of this in crude phenols froifi tar. 
The method ijtill in use for the pr(;paration of carbolic acid is tJiat jjef ised by 
Ijaureiit in 1841, namely, (1) the separation of phenols from creosote oils 
by shaking up with soda ; (2)*the acidification to set free the crude phenols ; 
and (3) the extraction of the carliolic acid by rectifitjations and crystallisatipns. 

(food c^’ude phendl, free i'i;<.;m naphthalene, contains water, carbolic a^id, 
ortha-crcsol, meta-cresol^3ara-crcsol,xylols, anfl^omologues, and phenolic tarry 
matters The^cheinical properties of carbolic acid and th(? cresols are so 
nearly related that there is no simple i^iagent which can separate them; thus 
Koppeschaar’s bromine method. wi41 not work if both ‘ortha-cresol and ^leta- 
cresol be present.^ The physical properties on the other hand do enable us to 
discriminate. The boiling points of\ph#nol (cj^rbolic1i?id), and ortha-cresol, 
rneta-cresol, and para-cresol at 760 mm. bafoinetric* pressure are respccfit'^ly 
182“, 19F5“, 201-lP»^ and 20F2“ ‘^riiosc of the xylob 220“ and 825“ 0. 
By fractionally distilling up to 203“ C.* then fractionally distilling up to 
198“ («.* we^an finfl tht quantity of carbolic a«id in each of these fractions by 
(Jetermining * th?ir 4^ .pcctive crystallisation pcjtnts. Commercial carbolic 
acid called 40“ to 42“'®haSia ineltingi or solidifying point slightly above 


* Gas irorldf 9tli Dec*. 191C, p. 519, 
33 
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40“ C. ;• pure CArbolic acid having 40*86“ C; rWhen we add cresols to pure 
carbolic £fbid, the molting point falls Steadily, and that to very nearly the 
samCt extent/ whatever b 4 \ the relative proportions of the three cresols, so 
long as the cresols added do not exceed 33 per cejnt. of the whole. The 
melting point of the mixture thus depends on the percentage o/ carbolic acid, 
and the curve of melting points is a straight line joining the two points 
(phenol 100 per c^ent., melting point 40*55“ C.), and (66 per cent., iifblting 
point *21“ C ). This is the basis of the following working method. ^ 

Three kilograms of crude acids are put in a four litPe cCjiper still with a 
Vigreux column of 24 inches. The distillation is maintained at 7 to 8 c.c. per 
minute, and the following fractions arc taken : 

(a) up to 180“ C. ( = water and phenols). 

\h) 180“C. to 203“ C. 

(c) above 203“ C., 100 c.c. only arc taken. 

To {(t) add enough chloride of sodium (35 per cent.) to precipitate the 
phenols contained in it ; decant these phenols and add them to {h). Put {h) 
into a flask of suflicient size ; wash out the vessels with liquid (c), and add 
this to (/>). ,The liquid (/>) with its additions is now fractionally distilled at 
4 C.C, per minute. 

The fractions taken are from 250 to 300 gramvS each, until the temper- 
ature of the vapours reaches 198“C. The solidification j)oint of each fraction 
is then determined. A test-tube determination gives a rough indication, but 
with 30 to 40 grams, allowed to cool slowly until supercooled by 1“ or 2“,^ 
the addition of a trace of crystallised carbolic acid determines crystallisation, 
and the temperature goes up to the true melting point. If in the test-tube 
trial the required temperature is below 21 °C. add carbolic in known quantity 
suflicient to bring the percentage of carbolic acid above 66. 

This method enables the carbolic acid in a crude phenol to b^, estimated 
within one per cent , which is as near as could be expected with so comjilex a 
mixture as crude phenols. 


C](K.s>u.ic cAcid, Sepaiiation of Isomeric Forms of Oresyuo Acid. 

The separation of the isomers, rneta-, para-, and ortha-cresylic acids, can be 
carried out in the same planner as the practical process (German patents 
137584 and 141421). According to this method the ccxnmercial cffesol which 
cofttains meta- and para cresol after the separation of the ortha derivatives by 
freezing is hea|-ed with anhydrous oxalic acid, or an anhydrous .acid oxalate. 
This produces par? -cresol ester of oxalic acid which is rertioved from the 
solution by crystallisation, whilO the meta-cresol, which is not esterified, 
remA.ins dissolved. The ester is a eolourlcRs i^olid substance, which is soluble 
in alcohol, ether, ‘aiud glacial acetic acid, but insoluble in benzene. It can be 
purifie(\ by sublimation atud decomposed' by water. 

'I’lpj meta- and^ jiara-(x’esols qan be seijijvated also by ol^taining the former 
in the form of a sulphoric acid, by treating the mixture with sodium 
bisulphatc containing pyrosi^lphate at a temperature ^of 1,00“ to lt0“ C., and 
separating the sulphonic pcids obtained, or their^ sodium, salts, from the 
unchanged para-crcsol. t 

Wrter. — 100 c.c. of the sample Ve carefully distilled in an 8-oz. retort 
until all the water and part of the oil have distilled over, beupg collected in a 
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B\ 

II 







graduated cylinder; petroleum etfa^r is added and the whole felioroughly 
shaken and allowed to stand, when a clcjw reading may he obtai^ied. 

Distillation Test. — 100 clc. of the sample are distilled from a dfstilTa- 
tioii flask to which is cbunected an air-cooled condenser, the distillate ^cing 
measured for every rise from 

to 2Q4 C. t, - :: ^A/^To*r//ten pump 

Neutral Oils. — 100 grams of th^ 

8arftj)le are we]l fjiaken with % ^0 
per cent, solution of caustic soda, and 
allowed to stand. If all the oil has dis- 
solved without turbidity, no neutral oils 
are present; but if a turbidity is per- 
ceived, the whole should be extracted 
with petroleum •ether, the Jatter, after 
standing, ,l^ing separated from the Fig. 25. 

sodium cresylate solution, the petroleum ^ 

ether slowly evaporated in a tared beaker, and the neutral oils left, and 
weighed. 

Sulphuretted Hydrogen. — 50 c.c. of the sample are placed in the 
flask A (fig. 25), fitted with inlet and outlet tubes, the inlet tube dipping 

into the cresol and the outer tube connected to another flask li, 

which in its turn is connected to a filter pump. A piece of lead 
acetate paper hangs in B over the air inlet tube. The pump is 
started, and air is drawn through the cresol into tlie second bottle B, 
where it comes iirto contact with the lead acetate paper The time 
is noted for the jiaper to Idacken. (lood cresols will not blacken 
the paper until after 15 minutes. 

Pyridine Bases. 

Water. — The percentage of water is determined by means of 
a carbon colour-test tube ^fig. 26), graduated into /(-,ths of X c.c. 
This piece of apparatus can easily he made from a hrokijn burette 
by cutting off a suitable length and sealing the end in a blow-pipe 
flame. Into the tubt^23 c.c. of 80” Tw. caustic soda solution (wliich 
must bo perfectly clear) are carefully run, and, if necessary, adjusted, 
after standing a shoK time. , , 

To this, 25 ^.c. of the sample Are added, a cork inserted into 
the neck, and the contents gently shaken, after \\4iich they are 
* allowe(f to stand for a short time to separate, the increase in volume 
of the caustic soda ^^solytioiT indicating the amount of \^ter 
present. * ’ • 

Distiilation. — 25!) c.c. of Jlio sample iftff dried by washing 
with 80” Tw. caustic soda soluticni, and Alistilldd from a^r^Ifind- 
bottomed flask fy^ted with a fr-'^tionatin^ head*of*tbi Bel Ilenftinger 
type, the following fractions being measuwed and imported : 

(refineef pyridine). 

(refined heavy pyriefine). 

,(lieavy pyridine bases). 


Fig. 26. 


(a) AirvT ^-UO^C. 

(2) 140“.€. t(;il60^C. 

(3) n60”C. to 180” 0.- 


Creosote Oi\,^S 2 )ecific Gravity . — Thfe is usually determined by means 
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of a hydrometer at the temperature at wjiich* the oil is fully fluid; a correc- 
tion being made for the temi)erature. Lunge gives us the following fable 
from which we can calcultite the true specific gravity of the oil at 60“ F. 


T^ABLE for IlEDUCnNii THE SPECIFIC GRAVITY OF OlLS. 

(1.) For s])ecifi^ gravities of *800 i^nd downwards. 


Degre(‘S C 

2 

4 - 

1 

6.' 


8 

10 

12 

Uh 

1 

141 

Deduct 

•01 or) 

1 *009 

i 

P" 

008 

•006 

0045 

•003 

1 

•002 


l)(‘gree8 C. 

17.\ 

I 19i 

m 



23 

25 

27 

fc * 

r ‘^9 

A<i<l 

■001 

002r. 

•004 



•oor.f) 

j 007 

•oos 

•010 


(2.) For specific gravities between 880 and *920. 


Dcgifos 

2 


4 

1 

1 

7 

9 

10.\ 

1 

12 

14 

Deduct 

01 

•0085 

•0075 

0065 

•005 

o 

o 



•0025 

•001 

Degrees G, 


17 

19 


m 

22 

24 

1 

■ 251 

1 

j 27 

c 


Add 

0 

•001 

•0025 

•003i 

') , •006 .'1 -006 

, -007 

' -008 

:0095 


(3.)*^ F'pr specific gravities between *920 and *960. 


Degrees C 

G, 

3 

4A. 

6 . 

7 

81 

* 10 



111 

13 

14 

151 

Deduct 

•01 

t 

•009 

•008 

jt-- 

o 

o 1 

1 

•006 

•005 

•004 , 

•003 

•00-2 

•001 

0 

Degrees (]. 

c 

17 

c 

18 

L 19.1 

21 ‘ 

2:^1 

24 

25 

26J 

28 

«> 

291 


Add 

•001 

•oo5 * 

•003 

t-004 

t005ii 

•006 * 

' -007 

•008 

‘•009 

•010 

1 



(F) For specific gravities abov.e -960, add *001 for every degree above 

15° C. 

* * 

Water. — Thin is deterniined by distilling 100 c.c. of th(^ oil 'from a retort 
until lU) more water is given off, and adding to tHe distillate, consisting of 
oil and water, about 10 c.c. benzol, wh’ioh wUl result in a clear reading being 
obtained. 
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TESTING OF •THE* FRACTIOl^S OF TAR ©ISTILLATlUN. 

•Pistilling Range.— 105 c.c. the sample are placed in ^ 6 oz. retort, 
provided with a thermometer,^ the bulb of whiclys fixed \ of,. an inch fr^m 
the bottom. In place of a condenser a length of ^glass tube 2 feet long anti 1 
inch wide i^ used, 'flic retort is heated by a small flame and the drop point 
is noted, i.e. tlie temperature at which the first drop runs into the graduated 
cylisder used as a receiver. The (festillatiou is c<fl'ried on at the rate of two 
drops p^r second, and the amount distilled over is measu^jd every 10* 0. rise 
frt^n 200’ to 3(^0 when the butncn is removed. “ • 

If much water is present, the distillation should be stopped at 200" C., any 
oil distilled bver separated from the water ant? returned to the 
flask, when the latter has cooled, the distillation then being 
recommenced. 

Phenols. — The distillate is washed three to Jour times 
wihh warm 20"*1\\ causticcoda solution, running the phenolate 
solutidnstiwtiO ^ separating funnel and acidifying with 40" Tw. 
sulphuric acid. The whole is allowed to stand for an hour, and 
the layer of crude phenols measured. 

Naphthalene.— The washed oil is then allowed to stand 
for 24 hours at 60" F., fdtered by means of a filter pump, the, 
precipiiated naphthalene pressed between filter papers untd 
free from oil, and weighed. According to a pamphlet circulated 
December 1917, the Controller of Munitions Mineral Oil Pro- 
duction r(Jhonimends the method described by.l. (t Mann, which 
is analogous to the method commonly employed for ascertaining 
the crystallising point of commercial carbolic acid. The ajipa- 
ratus (Hg. 27) consists of a test-tube about 4 to 5 inches long, 
and Jj-inch diameter, fitted concentrically, by means of a bored 
cork in a wider tost tube about 7 inches long by l-I inches 
diameter* the space between the two tubes forming an air- 
jacket. The combined tubes ^re placed vertically in a vessel 
of suitable size, filled with water. The inner tt^st-tube is fitted 
with an accurate thermometer capable of being read to ’2" C. or 
*5° F. fixed concentrically within the tube by means of a bored 
cork, the bu!b of the thermometer bejng fixed at a height which 
allows of the temperatures 5’ to 20" C. or 40" to 70" F. being 
conveniently read off. Tlfe tube is also provided with a 
stirrer nijade of copper a nick being cut in the side of 

cork carrying the thermonfiter to* allow .of this stirrer being moved up 
and down.. In carryffig out the test, an average sample^ of the creosote 
previously f»ed from traces of water by shaking with ignited calcium 
chloride, is first cooled (piickly, stiirriAg with the thermometer, and an 
approximate idea of the crystftl lifting jioint gained by noting the tempA*ature 
at which naphthalene sepj^ation is manifest. Tlii inner tube of the 
apparatus is then filled with the drieS siiinple o^ the cijoosote to abo^t t^wo- 
thirds of its capacity, and so that the therinomcte»bulb is not less tnaii'S; ac. 
below the surface of the creosote and Jbhe latt§r also well below the under 
side qf flie cork of the air-jacket. The creosojtc before adding must be at a 
temperatiwe af^ wl.’ ^ is completely liquid. • 

Water is then ptaci i in the water-jacket at a temperatuTe of 2" to 3’ C., lower 
than the approximate crysfallising ppint above observed, and the doinble tube 
containing the ^reosote immersed •completely in the water to the level of 
the cork. 
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The'theraio^ncter in the creosote is t-hen o'bserved without stirring until 
the fall of temperature ceases. The creosote is then vigorously stii^red with 
thfl wke, when the tcmpedi^ure rises and the. 'rise continues until a maximum 
is reached wliicli is noted. ' ' * 


The maximum point attained is taken us the crystallising point. 

From a 4 curve plotted from the, following data the percentage of 
naphthalene in any sample may be found. ^ 


Percentiige (if 
Nuplitlmlene. 
20 
25 
30 


Crystallising 

Point. 

30° a 
34° 6. 
40° C. 


I 


Percentage of 
Naphthalene. 

35 

40 ' 

45 


Crystallising 
Point 
45-5° C. 
49-8° C. 
. 52 “ n 


Pyridine Bases. — 100 o.c. of the sample arc distilled up to 300° G,, .the 



Fig, 28. 
0 . 


distillatd washed tliree tpnes with 40 per cent, sulphuric acid, the acid 
extractibns collecttti togetl\^r, and the pjridine bases th'rown ont by the 
addition of 40° Tw. caustic soda solution. These are dried shaking u,p with 
90° Tw. soda solution, and mcjasUred. < 

Flash Point, ~^Thc Abfel apparatus is not suitabje f<sr testing the flash 
point of ^reosote, the latter being too hSgh. Therfc are, howevcf, other forms 
of apparatus -namely, (1) the Pensky-AWten, and (2) the^Gray — w^Kich are 
designed ^r use with heavy oils. 
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tbstInct of fbactionI of tar distillation. 

The Pemky-Marten Tester The cup is of the same dimensions 

as that 'of the Abel apparatus^ and the lid has arrangement for the 
application of the test flame in«a similar manner'to the one adopted'wifh 
that instfumc^t, but a modification enables the test to be applied by turning 
a non-conducting button. Before determining the closed test, the cup*and 
lid, with the attached stirrers, are ^jery thorouglify cleaned fft)m any oil 
remaining from a previous sample. \\y forcing the maTiipulating button 
upvf^rds, the revQlviijg plate on the* copier may be removed, and ‘the cleaning 
facilitated. If the oil last under examt- 
nation was of ti much more volatile nature 
than the sample in cpieistion it may be 
well to reject the result of the first test, 
using the first test as a means of freeing 
the "Cup from aify foreign mpour. When 
thoroughly#oi^ansed the enp must be filled 
to the line inscribed, the lid put on so that 
it is well ‘ home ’ and the cup placed in the 
air-bath. The heating by means of a bniisen 
burner under the air-bath for at least 50'' 
below the flasli point is to be at the rate 
of 10“ a minute, and the test is to be 
applied at every 2“ F. rise. During the 
whole expeffment, the stirrers must be kept 
^revolving with a steady continuous motion, 
but during the actual application of the 
test-flamo it is usual to cease agitation. 

Care should be taken that in stirring none 
of the oil is thrown up on to the lid of 
the cup. * 

(b) The Gray Tester (fig. ^29). The 
chief variation from the Pensky Marten 
consists in the means for rotating the 
stirrer and for applying the test-flame. 

Both these operations are performed from 
a non-conducting button fixed on the’ end 
of a horizontal shaft which afso carries one 
of a pair 0 ^ bevelled wheels, ..^id is pierced 
by a short pin. The* other ^veiled Vheel 
is fixed on the upper enff of the spindle to 
which *tho sti«rer is attached. Thus by 
turning the button slowly by means ol it» 
handle the oil is kept gently flgitjited. In 
making a test the horizontal,shaft is slid back (a cer^f^n amdunt of “ play ' 
being allowed it by the supports) ifntif tl^p |«n ejigagcs^with a prjy^ction 
attached to the sliding cover of the^ lid, then, by grasping the button iCfe^f 
and turning it firrffly the cover is djened.^ ***** * 

Th^ itisults furnished by the Gray should be concordant with those 
obtair^d by^he Pe^^l * Marten. • 

Viscosity. — Th« “Jiody'^ or viscosity of fhe oil ft most commonly 
measured by Its ra^a of flow throi^h an orifice of certain dim^sions. 
The resists obtained are compared •with those obtained from a standard 
sample. ' * 
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' ' r ^ ^ V 

Redwood* Viscometer.— (figs. 30 and 3f ).1 This instrument consists of 
a silvered br^is soil cylinder, furnished with an agate jot, and surrounded by a 
cbpper bath. A copper lithe, closed at the tower end, projecting at an angle 
of 45 degrees from the side of the bath near the bottom, provides* a means 
of h*eating the bath liquid, and by the ustf of a revolving agitator, which forms 
part of the^'apparatus, the heated liquVl rising from the copper tube (;^n be 
uniformly distributed through the bj^th. The agitator carries a thermometer 
to indicate the teniperaturi'. of the by.th * The oil cyliuder,is furnished^'ev^ith , 



Fio. y.O. Fua 31. • 

9 


a stopper, consisting of a small ])ras^ spherij^ attaelied to a wire, the sphere 
resting in a hamispherical cavity in ‘the agjfte jet. A short standard attached 
to the oil cylinder cfuvics a cliji to i^u])port a thermometer fti tlie oil Inside 
tiae, ©ikcylinder, and at a' short dvstancc*from the top, is iixed a small bracket, 
terminating in a^\, upturned paint, whiclk forms a gauge the height of the 
oil level. The instrument is supported on a tripod stand provided with 
Levelling screws. u ,, 

^ uOlRECTlONS FOR UsE. 

The bath is filled with a suitable Liquid to a keigfit roughly corresponding 
with tile point of the gauge in tJie Ul cylinder. Water answers well for 
^ Journ. Sac. Chem. Ind,^ March 1886 ; Petroleum^ p. 66o. 
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temperatures up to 200° F., afld* for* higher temperSitures a hftivy mifieral oil 
raay^be used. The liquid having been brought to tiie required temperature, 
the oil to be tested, previously Jhrought to the tmftie tomperathre, is poured 
into thooil cylinder until the level of the liquid just reaches the point of the 
gauge. A narrow-necked flask, holding hO c.c. to a point marked o« the 
necl^ is placed beneath the jet in ^ vessel contaiiiing a liquid* of the same 
temperature as the oil. The ball valve is then raised, stop-w.atch at the 
safjjo tirne started, ^nd the nuitdief of^Chc seconds occupied in thq outflow of 
50 c.c. noted. It is of the greatest impry’tance that the oil cylinder shoidd 
be filled exactly to the point of the gauge afUr inserting the tliermometer, 
and that the given temperature should be pMcisely luainiained during the 



experiment, a difterei^;e of J ° F. making* an appreciable alteration in the 
viscosity of ^me oils. It is also essential that the oil sh®uld bo (juite free 
from* dirt or other suspended matter^ an^ from globulCs of water, as the jet 
maybe otherwise partially gbsUucted. If the oil ‘cylinder requires^ to be 
wiped out, pajjer rather than cloth should be employed, as.filaments of the 
latter may be left adhering. Wl^en«oils are bein^ fosted at temperatures 
much above that of the laboratory a gas flame is 8.ppliedf to the cof^t tiibo 
and the agitato»*kept in gentle »motion throughoiA tlkC gjperiment. • 

The jet should be carefully Examined before the apparatus is used, 
andf *f nepessarf, shf'ijd be cleaned by passing a piece of soft string through 
it. The appatatq^ .uiould be adjusted by inflans of thg levelling screws, so 
that a spiritJevel placl^d oyn the top of the oil cup shows it to be horizontal. 

Sir Boverton Kedwood recomm^ds .that the number of sccondt^ occupied 
in the*6utflow of 50 c.c. of the oil under examination should be multiplied by 
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100 and divided by 535 (the number of^seconQs occupied in the outflo)Y of 
50 c.c. of average refined rape oil at 60* F.). The resiilting figure shcfuld then 
be,nudtipliedMjy the specific gravity of the Sitmpleat the temperature of the 
experiment and divided by 915 (the specific gravity of the refined rape oil at 
60" F^). Tlio final figures will express the# viscosity of the oil at the tempera- 
ture of the t( 4 st in terms (F viscosity of ^dined rape oil at 60° F. 

Coleman-Arc^butt Viscometer (fig. 32).— This instrument is an 
improved form of the well-known ja^ket^d glass visco^jiietyr, first U8cd^*ny 
(k)leman about 1869. It consists , of a glass burette contained in an outer 
jacket, with a funnel for poiK’ing in hot or cold water, a tube for running 
off water, and a stirrer for tha/oughly mixing the water in the jacket. Being 
made of glass it is fragile, but with reasonable care an instrument may last 
for many years. It may be standardized with glycerine so as to give results 
in absolute nu'asun!, and it has the advantage (»f being very convenient^ to 
work with. Thus, the temperature of the oil can be readily adjiuit^ddii the 
efflux tube itself by stirring with a thermometer and raising or lowering tjio 
temperature of the waVer in the outer jacket. There is no need for a 
separate nu'asuring vessel, the volume of oil which flows out being measured 
by marks on the efflux tube, 

A test can bo made with as little as 25 c.c. of oil, and after the test has 
been made the tube is empty and ready for the next test. Oils can be tested 
ill this apparatus at the temperature of boiling water, which is high enough 
for most jiurposes. » 

Method of Experiment. — The tube A and jet are first carefully 
cleaned and dried. The jot is then closed by means of a small peg of soft 
wood. Water at the proper temperature is next poured into the jacket, and 
the oil, previously strained, if necessary, and brought to the same tentperature, 
is powred into the efflux tube up to about half an inch above the mark it is 
intended to run it from. The oil is stirred with the thermometer,*'avoiding 
the formation of air bubbles, until the temperature is exactly correct, the 
final adjustment being easily made by slightly raising or lowering the 
temperature of the water-bath. The tliermometer is then taken out of the 
oil, wh\ch is allowed to rest until perfectly tjuiescent. The wood peg is then 
withdrawn ^ind-the time taken by the oil .to flow down to the «oro mark is 
measured by a stop-watch, which is started as the surface of the oil passes 
the upper mark. During the experiment the •temperature is maintained 
^constant by pouring hot or (?old water into the jacl^ct through the fujinel and 
runnjng off the excess through the side tfube as^fteii as 'required, using the 
stirrer frccpiently. The temperature of the water i?i the outer jacket is 
indicated by the'thcrmonicter T, which is not removed. The oppn end the 
efflux tube is covered *by the inverte^l beaker K to prevent water from being 
splaslq^d in by the stirret. . t 

In making an experiment at 212" F., the col(J wafer in th (4 jacket is first 
raised gradually to at) 0 ^lt 18Q.°F. b}^ pciuring in hot water, and then the 
fiTtmol *l‘?^ replaced t)y the* steam lube L, and steam is blpwn in from the 
boiler. *VVhen the^walser Tiioils the level i^ lowered sufifici^tly to prevent 
splashing, and a brisk ebullition is kept up throughout the test, ^^'l^e oil, 
previously heated to 212° F., SKould be poured in *just before /he water 
begins to boil and tl«3 tube A •covered by its cap. ^ • 

Rel^iye Rates of Cooling.^— * According* to T. F. E.‘ Khead, the 


1 Gas World, 27ili January 1917. 
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relative rates of cooling of cte^sot^s are determined as follows :— 10 c.c. 
of crSosote are placed in A (fig. 33), a 50 c.c. Jena bulb, with the thermo 
meter immersed in the centre *01 the liquid al#itys tp the same esten^. 
Water at; a constant temperature is circulated through the water-bath at 
a constant rate sufficient to prevent the temperature on the outside nf A 
risinc more than 1°C. as indicated by^the thermometer in the ^^^ater. A is 
heated to a uniform temperature of 120”C., then plung(¥l into the water- 
batk^ (always in the ^ame position ifi tl^t? bath), and the rate of. fall of tem- 



perature is recorded in seconds, using a stop-w^itch. The experiment is 
stopped wken the teniperatu preaches 15 '(1. 

Naphthalene. 

Moisture. — Weigh out 200 grains^ place in a distilling flask, add 
50 c.c. toluol or xylol, and dii^il ^»lowIy jmtil all tbc’water has come pver, 
which is then easily measured. 

Foreign Matter. — Wei^ out*20^) gran^ of tfu? sample, dissolve in 
500 c.c. warm 90“ benzol, filter through a tad'ed filtcTr papeV, wash 
with 90“ benzol, dry and rcweigh,ithe increitse in wci|*hkJ:)eing the foreign 
matter. • * 

Mielting Point,~* 4 good works method^is to fill a small saucepan with 
the sample, !ind*wai 4 »i until the contents are cwnpletely* melted. A finely 
graduated th»vmometei^ is 4hen fixe^with the bulb in the centre of the 
naphthalene, and the whole allowed Jto cool. 

The Xhiperatute recorded on the thermometer will be seen to fal^ steadily 
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until crystals'^ appear on' the surface of the liquid, when it will rise about two 
degrees, remaining constant then for a considerable time. This is ta'ken as 
^he nielting^ point or crystallising point. F<j,r more delicate work Kleinhardt’s 
melting point apparatus is used (lig 34). Melt some of the substance to bo 
tested and fill one of the tubes B up lo the mark K. While still warm 
immerse tli^i thermometer to the bottoni of the tube, plaee same in the^metal 
frame and immei;,se the whole into cold water or freezing mixture. After the 
substance sqlidifies, the tube and thermocneter is supported as shown iri the, 
illustration ; vessel A is now fillc^ with warm water about 5" to 10“ C. above 
the assumed melting point, of the substance. Carefully watch for the un- 
covering of mark 1) on the thermometer, which will be seen as soon as the 








Fio. 35. 


tube B begins to drop, remove the wliole ami stii^ the substance with the 
thermometer ^intil the temperature ceases to rise. The highest registered 
will accurately indicate the melting point, and, with a little* practice, deterr 
minations can be mafic of V C.^ 'IVo or three tests can be made in one 
min^'ite. The determination of quality hots in the fact that a high melting 
point indicates that^tke sample testi^d adhered^to the thermometer longer than 
^a sau?;;le with a lewer iiKiltin^ point. * 


Antijiiackne Cake. 

Moisture and Foreign Matter are tested for as with naplAhaltme. 
Anthracene. — Hochst test. gram of« th^ sample iis dissolved in 
45 c.c!*of glacial acetic acid, in a halfUitre Hask, to the mouth of which is 
connected an inverted condenser (fig. 35), and to this is* added from a tap 
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funnel, fitted to the top of •tlie condenser, a solution of *15 gra’ms of 
chroriSic acid in 10 c.c. of glacial acetic acid, diluted with its own volume of 
water. The contents of the flasl^must be kept in«^ntle ebullition and tlMi 
chromic acid tfnust be added, drop by drop, the operation taking about two 
hours. The liquid in the flask must then bo kept boiling for two hfiurs 
longejj, when the heat is removed and J(he flask and ^jontents left# at rest for 
twelve hours. 400 c.c. of water are now added, and afteif leaving for three 
houts the*con tents oHhe flask are fMterecl, the anthraquinone collected on the 
filter is washed, in turn with cold water, boiling dilute solution of caustic 
jKitash (about ^ per cent.) and then with hot water. 

The anthraquinone is transferred by washin^from the filter to a porcelain 
dish and then dried at 100" C. Ten times its weight of fuming sulphuric 
acid are then added. The dish is heated on a water-bath for ten minutes 
and*then placed* in a moist^ atmosphere for 24 hour^. 200 c.c. of water are 
added, %he^\^iolc filtered, and the mass washed on the filter as before. The 
contents of the filter are transferred to a dish which is dried at 100" C. and 
weighed. The dish is then heated to drive oft‘ the anthraquinone, cooled and 
reweighed ; the difference between the two weighings gives the amount of 
anthraquinone which, multiplied by *8558, gives the weight of anthracene in 
1 gram of crude cake. 

Paraffin. — 10 grams of the sample are weighed into a large beaker, 
108 c.c. of concentrated sulphuric acid arc added, and the mixture heated on 
a water-bath until all the anthracene is dissolved, when it is cooled and 
poured into 400 c.c. of cold water contained in a litre separating funnel. 
*The mixture is allowed to cool and then extracted twice with light petroleum- 
ether (dry at 75° C.). The petroleum-ether extracts arc bulked and washed 
in a separating funnel, first with half its bulk of 5" Tw. caustic sod;i solution, 
and then four times, with one-eighth of its bulk of cold concentrated sulphuric 
acid, and lifter this with cold water until free from acid. It is then allowed 
to settle, any water which separates removed, and then transferred to a tared 
flask, the ether distilled ofl’and^he residue weighed. 


Pitch. 

Twisting Point. — A sample of the pitch is slowly melted, care being 
taken that no volatile matter is driven off, the mHtcd pitch being run into a 
mould i *mch by ] *111011 by\S> inchas, and cooled. The cooled piece is^sus- 
pended by a piece of steing in a beaker of w’ater, and the temperature of the 
latter is veVy^slowly raised until 95° F. is reached, when thc*sample is taken 
out of the water and an endeavour nu^c twist it by fneans of the thumb 
and first finger on each hand.* ^ * • 

It is very } 3 robable at this temperature that it will not twist easily. 
Therefore the pitch is immcdiatelii put bac\ into fli^ water, and is again 
tried at each degree rise in temperature* until it twistk without fTI^ssw®. 
The temperature^at which it twiste is then recorded a»tk«i twisting {inint. 

Volatile hydrocarbons and ash are tested for in the same manner as with 
coal» * 
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THE ESTIMATION OF “FREE CARBON" IN 
"TAR AND PITCH. 

c • 

By Pkucy p]. SriELMANN, Ph.l)., F.I.C., and Henry Wood. 

It is universally accepted that “free carbon” in tar and pitch does not 
consist of carbon in the clicinist’s seiiso of the word, but of substances con- 
tainiuf^ a liij^h percentage of carbop, and having a very high molecular weight. 
Th(‘se compounds show a very low solubility, so that accompanying substances 
can be extracted from them, u 

Personal experience has confirmed recently published work that the usual 
solvents employed did not all lead to the samc^ results, so that serious dis- 
crc'paiicies occurred bcUveen two diftbrent workers of equal trustworthiness. 

The object of this investigation was to determine the extent<,£|nd^ rate of 
extraction of the soluble substances in tar and pitch by various solvents ; and 
also to ascertain the relative value of the several recommended methods 
and liquids. Incidentally some knowledge has been obtained as to the effect 
of the kind of still (when distilling tar) on the “free carbon ” content of the 
resulting pitch. 

The solvents used alone or in succession were benzole, carbon disulphide, 
carbon tetrachloride, ether, chloroform, xylole, pyridine, and a neutral tar 
oil. These were used in a Soxhlet extractor of the ordinary kind, and some 
deterju illations were made in a special form of Soxhlet hot extractor. In 
addition, a method used in works was also examined, namely, treating the 
sample with hot solvent and then filtering through an ordinary filter paper 
or a Hooch crucible, and subsequently washing with solvent. A hot vapour 
extraction was also tried. 

It was found (Table B.) that benzene followed by CS,^ gave the lowest and 
most consistent result. Ether was so far successful that it removed nearly 
all the soluble material, but the final exWaction was very slow. Carbon 
tetrachloride did not remove more than ether for about the same time of 
extraOx/ion, but was curious in that if followed by CSg and benzene the 
final figarp for “carbon” was considerably higher than if the last two 
solvents were used alone. This w'ould seem to confirm earlier observations 
as to changes brought about by carbon tetra ;hloride when used for the 
present purpose. 

Neutral oils gave much trouble, and the exti?<otion wds very slow. Traces 
of moisture caused violent bumping and fracture of tk :5 flask. No consistent 
results could he obtained. Chloroform was not found tq present any 
advantages over benitene and CS 2 . ,Xy[ole was efficient, but slow. Pyridine 
extrac^ted well, but corroded the corks so nxuch.that it was not convenient. 

It was found that Soxhlet filter thimbles varied very greatly in quality, 
even among the prddftcts oJ)tained* fr,om the same firms. Some acted 
sftiisfae^rily, whilst in Others definite cracks even were visible. After 
prolonged action o^beiizene and CS 2 it was noticed that the material of the 
thimbles was altered to such*an exteilt that they could be rubbed to powder 
with the finger. As much trouble was experienced in retaining finely dirided 
carbon even when the thimblck were of double thicknes8,^thg* expedient was 
tried of placing one of ordinary thicks -jss of snmllef size within the thick 
one ; thts was, however, by no means a^ays successful, and in the end two 
thin thimbles were found most satisfactory. 
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It was noticed that a considei-abfe amount of s(5tid inattei« had separated 
froinHhe .sol vent in the flask by the fime the extraction liad couie to an end ; 
this, on filtration and repeated washing with sol^iaits, reniaiiH'd iiiidissolvud 
to a great ejtent, thus confirming qualitatively the work of Monroe and 
BroderSon.^ 

In order to obtain comparable results as far as j:)ossible, pitiji was used', 
whiefl, after being powdered, passed through a 60- but nf)t jihrough a 90-inesh 
sie^. ^ine experiments were ijiade* with the finest fracti^ms of sieved 
material, but oftly ^ery slightly difleVent figures were obtained* and un- 
doubtedly gregLter liability to caking in tlie thynble o(;curred. 

With respect to the subsidiary part of the i^^vestigation, it was found that 
the commercial pitch contained less free carbon than a sample of pitch of 
the same softening point obtained in the laboratory from a copper flask ; and 
furyicr, that a pitch produced in a Colman’s iron stiU (wliicli was primarily 
designed to produce light fractions) contained a higher jiercentage of carbon 
than did a pittjh of similar softening point obtained from the same tar distilled 
from a copper flask. • 

Method of Extraction.— Carefully dried solvents wore used. 2 grams 
of 60-mesh powdered pitch were mixed with twice its bulk of washed sand. 
This was poured into the thimble and covered with a further sm.ill quantity 
of sand. Before beginning extraction, some solvent was placed in the extractor 
and the thimble and contents allowed to soak in it, a ]iro(;ediire which was 
found to asgist in the prevention of material passing through walls of thimble. 

A first series of extroctions were made to determiiu' the rate of extraction. 

•The Soxhlet took 10 to 12 minutes in filling and enqdying. 


Table A. 

Hate of extraction of producer pilch : 92® ao/tcanaj point 


Benzene. 

Carlton 

DiHllI- 

ptiide. 

Chloro- 
foi in 

Carbon 
'J'<tra- 
• chl(»ri(k‘. 

Ether. 


19-6 

22-4 

27-2 

28-35 

37-23 32-87 

40 times. 

19 3 

19-2 

• 

20-2 

29-92 

31-43 27-45 

fnrtlicv 35 times* 
very jiak. • 

17-8 

(CS 2 linal) 

Him]) 

19-83 

• 

2*4-42 

21-48 16-0? 

Bad thimble, 
coloui’les.s. 


Gooctl Crucibl^ Metlwd, — The sample without sand was added little 
by little to 250 c.c. of hot ^)1 vent Vith constant shaking. It was boiled 
under a reflex condense? for 15 minutes, cooled, filtered, and washed about six 
times with freiti solvent until the filtrate became straw ^.oloured ; then with 
CS .2 until the extract had again becotne ^traw coloured ; then twice with 
benzene to remove CS 2 . Th# roifldue was dried for at least two hoifrs at 
100-105° C. When first trtated with CS^ and thg% benzene, the above 
procedure was reversed, but benzene^was al^ay« tln^last tq be used. 

Vapour Extraction. — A thimble was suspended in vapour of boiling 
solvent under a I'eflux condenser* and ^cxtractc^ unt*il I^Tie filtrate l^ecame 
colourless. 

Nteutral Oil ' •suitable oil was dfstllcd and fraction between 
180-200° collecled,® an^ washed with acid and*alkali to*free it from basic 
and acidic suBstancoS. * f* 

' Jour, LuJ. ami Eng. Chem.y 1917, 9, 1100. 
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The softening point of the pitch samples was taken by the “ | ” cube method. 
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From thcae figurcH it is seCii that the bes^ solvent, i.e. that* leaving 
a re^icluo most nearly approaching t5 “carbon,” is pyridine, and that this has 
the disadvantage of luivmg to 1^) nscd in an all-glasss apparatus.’’ l^he gcco^id 
most dcsii a bje is the combined benzene- carbon disulphide solvent, employed 
as directed, and this it is that is recommended for general use. Tlie reiuain- 
ing liquids have, relatively to the above, too little lo rtvonmuaul^them. 



CHAITEH YIT. 


. AMMONIUM SULPHATE PLANT. 

SuLriiuiuo Acid (li.O.V.) 

Specific Gravity. — This is usually detenu iued hy means of a Twaddle’s 
hydrometer, niid reported in degrees Twaddle, which, however, can be 
calcidated to specilic gravity, each degree being e<]ual to ’005 above the 
specific gravity of water (I'OOO). 

Estimation of H^>SOi. — The rjuantitative analysis of sulplmric acid is 
usually made by titraMng a weighed (piantity, it not being sutliciently 
accui^ate to measure the acid with a pijw'tte or burette. 

Weigh out 2 to 2 grams of tlie acid into a chain, dry, tared c.onical flask, 
dilut(‘ witli 100 c,(;. of dist illed waiter and titrate wuth a “ normal ” solution 
of sodium hydrat(', using methyl orange as indicator. Each c.c. of the 
normal soda solution contains 0*01005 gram Nat >11 and will neutralise 
1 c.c. of normal sulphuric acid solution, containing 0*049 gram of 
H,S(V 

Kf'dmple — 2 250 grams of acid were taken, which reijnired 30*5 c.c. ol 
N/1 soda solution to neutralise it ; thendore, 


and 


30 *5 X 0*049 weight in grams of 


30*5 : 0*049 ^ 100 
2*250 


(It) *4 2 per cent, 11., SO,,. 


Estimation of Arsenic, — For practical purjioses the following crude 
test, if <airn(',d out on a “known’' acid, may he used successfully, when 
testing a consignment of 140.V. for its suitability for the manufacture of 
sulphate of ammonia, since tlie results are con'parative with the practical 
results in the saturator. * 

Measure out 20 c.c. of the acid into a conicaly^ask and dilute with 200 c.c. 
of distilled water. Add 0*5 gram zinc sulphide ^and shake for a few 
seconds : allowi to settle, and examine. If only a slight turbidity the 
consigniiient may be'safely used, hut if a distinct precipitate Ts observed it 
should be rejected. Other impurities' wil^ come down with the arsenic in 
this test, but these are as detrimental as thcTlatter. 

For the aecurate e^tsnnfion of Arsfciir^dcconfing to Lun<je^—{(i) Dilute 20 
CcCv qf the acid with watery and jia.ss tlirough it a stream of sulphur dioxide, 
until ihi smells strqugity of the g‘is, in ord^u* to reduce thti^AsgO^ to As/O^. 
[Note . — The gas .should be passed for a considerable time to mak(^ sure of 
complete reduction.) Drive oh the excess of SOg by» heating and pi:^sing 
a current of 00,^, neutralise g\‘actly with sodium carbonate and a Uftle sodium 
bicarbonate, and titrate with decinon^-d iodine |ind«starch. . 1 c.c. of the 
iodine Solution indicates 0*00495 graife As^O.,. (Note any considerable 
proportion of iron should be previously removed.) 

,50 
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(b) Marsh's Test. — Aijpecia^ ajtparatus (fig, 3>6) is required.’ A is the 
evokitiop flask ; B a tube coiitainflig calcium chloride to absorb moisture ; 
and C a tube of hard glass attached to the dr^ng tube. Into A plac^ a 
few grams of zinc and 10 c.c. of pure dilute siilphui-ic acid (free from 
arsenic); allow the hydrogen to^ stream through the tui)e, then a^d 10 
grams of the sample through the thistle funnel and wasl^ down with 
wat^r. At the same time place tlie bunsen into position, and heat the 
ha^^d glass tube. The mirror obU 4 iied*is then compared with standards. 

•(c) Hager's Kra^ato Metho<H — Inlo a porcelain basin 6 erns. in diameter, 
place 20 drops of acid and 40 drops of* water. Treat this with 1*6 grams 
of finely powdered sodium bicarbonate, and if after stirring for five minutes 
any part of tlie NaHCO^ remains undissolved, warm the mixture. Add 10 



drops of fimmonia aiid abou1^2 grains of ammonium oxalate, so tliat the acid 
is completely combined, this being absolutely necessary for the accuracy of 
the reaction. Then add 30 drops of hydrochloric acid to rtnder it strongly 
acid. •A brails plate should be scoured with sand and* carefully dried, then 
place upon it one drop of the liquid^ and warm it gently at first, then more 
strongly over a small flame. Aft^r waslflng the salt stain off, there wilT then 
be a spot left tvhich will lx? grey to #'ed or even tekek, according to the 
amount of arsenic present. • * • • * , 

(d) Hattensa^r's Method.'^ — 5|J0 c.c. of ^he sample, diluted vyth 500 
c.c. of di^^tilled water, to which 500 c.c ftf diluted hydrochloric acid (1:2) are 
adde^f the mixture being cooled. While sfjU cold, sulphuretted hydrogen 
is passed fiirough i.. ofle hv ur and the precipitt^ted which is fi'ee from 

lead, filtered and wasl^d ip a platim^ or porcelain Gooch crucible. It is 

^According to Lunge in Chem. t.echn. iTnkrsurhimgs-mcihoden, vol. i. Berlin, 1899. 

* Zeftschr. f. ais^ew, Chem. 1896, 130. 
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washed .with ' alcohol <;0 remove traces of sulphur, dried, and the AsgSg 

weighed. Instead of using the Gooch crucible, the precipitate niaj/' be 
washed and dissolved in 2^ p.c. dilute (1:2) apiinonia, the solution evaporated 
iira porcelain dish, and oxidised to arsenic acid which is estimated as 
ammonium magnesium arsenate. ^ 

jiitrous Acid (Blutcher).— For the quantitative determination of the 
nitrous acid,^ the sample ^should bo tiCrated with potassium permanga¥iate. 
The acid must always be added to tjie permanpnate, never #the per- 
manganate to th^ acid. N/2 permstnganate solutionis diluted with 'live 
times the amount of warm water (30° to 40 (^) and the sulphuric acid is 
allowed to How into it from a burette until the colour disappears. 1 c.c. 
N/2 permanganate solution equals 0-0095 gram Ny()3. 


SuLiuiATK OF Ammonia. 

Moisture . — The amount of free moisture is determined b'y' drying a 
weighed quantity in a jjat dish at 1 10" C. until the weight is constant, the 
loss in w(‘iglit re})resenting the moisture in the amount of sample taken. 

Samples of sulphate of ammonia should always be kept in a 
stoppered bottle, so that no loss of moisture takes place. 

Ammonia. - 10 grams of the well-mi.xed samjile is washed with 
distilled water into a 500 c.c. measuring ilask ; dissolved ; the flask tilled 
up to the graduation mark, and the whole well shaken. 50 c.c. of this 
solution arc distilled with caustic soda solution in the distillation apparatus 
(tig. 3) into about 15 c.c of N/T sulphui ic acid. ’ 

Example — 50 c c. of solution taken (1 gram of sample). 

15 c.c. N/1 H0SO4 after the experiment 
required 1 c.c. of N/1 NaOF to bring it to neutral, then 15*0 ~ 1*0 = 14 0 
c.c. N/1 11. /SO4 used. j 

Now each c.c. of N/1 acid =0-017 gram of ammonia; 
therefore 14‘0 x *017 = *238 gram N II3 ind gram of the sample, or 23*80 
per cent. 

Free Acid. —10 grams of the san^ple are dissolved in 100 c.c. of 
distilled, water. Methyl orange is added, and the solution is titrated with 
decinorma* caustic soda solution, each c'.c. of the solution ='0 0049 gram 
of suljihuric acid. „ 

Iron Salts. — When, the ammonium sidphate is recpiired for the 
manufacture of such explosives as amuioniun^ perchhvrate, the percentage 
of i‘i'on salt,s hnve to 1)6 estimated, since they cause ^a considerable amount 
of trouble durivg the filtering process. 

10 grams of tlkC sample are dissolved in distilled wfitcr, arM the 
solution filtered To the tiltratc dud Vashings is added ammonia in excess 
which precipitates the iron, the latter beiilg separated by filtration, washed, 
dried and weighed astF^e^Og (ferric ox/.deJ. *' 

AmmONIACAU liiQUOR. 

I. . 

In the following pages, }ests by Linder, abstracted from the I^ortieth 
Annual Report of the Chief ^Inspector of Alkali W^rks, are giv.^n, together 
with recent modifications. ^ 

Five Ammonia. — By distillation If 10 c.c. l^uor (more if weak) diluted 
to about 300 c.c. in a round-bottomed flask, connected thrqugli a c»tch bulb 
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to a Liebig’s condenser, and receiver containing excess l?/2 and 

provided with an outlet acid catch, packed with broken comlyistion tubing 
(some beads are found to yield Alkali to N/2 acid,Sfnd their use is not tecdhi 
mended). M the close of the distillation, which rcipiires about twenty 
minutes, air is blown through the a})paratus to remove final traces of amn'^onia, 
andihe excess of acid in the receiver t^,s titrated wit*i N/2 Na.,0(if^. 

. ix6d Ammonia.. — Add boiled c^iustic soda solution in excess to the 
boTled liquor leit i« tlie flask, witfi suflicieut water to replace that boiled off’. 
Place a furthur definite quantity of N/2 *11,80., in the receiver and proceed 
exactly as with Free Ammonia test. • 

Calcvlationa . — 

Percentage of free ammonia = 0*0085 x 10 x c.c. N/2 H,S() neutralised 
^ » .fixed ^ 0 0085x 10 „ N/.2 

TStal Ammonia may be calculated by the addition of free and fixed 
ammonia, but should be estimated liy distilling another 10 c.c. of the sample 
(diluted), together with excess of boiled caustic soda solution, into slightly 
more than the sum of the two amounts of N/2 1 1, SO, neutralised in the two 
previous estimations, the excess acid being titraWl back and tlie percentage 
ol ammonia calculated as before. This serves as a check for the free and 
fixed ammonia. 

Carbonic Acid (Linder). *10 c.c. of liquor are diluted to 400 c.c. 10 
cc. of ammoniacal calcium chloride (I c.c. r-0*0t4 gram CO.^) are added, and 
^ the whole is heated in a stoppered bottle for li to 2 hours in a water bath 
at 100° C. Oool somewhat, filter, wash by decantation through a filter with 
boiling water, and dissolve the calcium carbonate in a known (piantity (25 c.c. 
to 50 c.c.) of N/2 HCl, with addl'd cold water to prevent loss of acid. 
Titrate the excess of N/2 HCl with N/2 Na.,CO.,. The small amonht of 
calcium carbonate on the filter is best rccovereVl liy incineration in a tared 
capsule. 

Ctdculaf/ions.—Griims’^oi c5.^, per 100 c.c. of Ikpior - 0*01 1 / 10 c.c. of 
N/2 HCl neutralised. 

Modification by Dr. H. d (fi)lmand — 10 to 25 c c. (according to the 
amount of GO.^ present) is run fi^m a pipette into a hot solution*of calcium 
chloride, avoiding as far as possible exposure to tin' air (from which the 
solution absorbs carbon dioxMe). The beaker is covered and heated until the 
precipitated calcium carbonate granulates. * 

This IS then filtered ani^ washed, the precipitated calcium carbonate dis- 
solved in 25 c c. of N/]*HC1, the unused hydrochloric acid being determined 
by tit^-ation* Miith N/1 caustic soda, using methyl orangems iuTlicator. (1 c.c 
of N/1 HCl = 0-0022 gram of CO,.) • • 

Chloride (Linder). — lOic c,Rf boilgd liquor (for convenience 250 cfc. are 
boiled to expel ^ilphidc, etc., pooled and made up to 25(J c.c. for estimation of 
cldorido, sulphocyanide, ferrocyanidii^ efc.,)^ar» dilyted tq 150 c.c., 2ji c.c. of 
hydrogen peroxid(;(10 volumes free from chloride) are added, and the soltition 
boiled down untiftho brown colouf has qjmost ei^/i rely Mi^ Appeared ; fo to 15 
drops of* potassium chromate solution are then added to destroy the excess of 
peroxide a].id to a’d r> ^he removal of orgaiftcq matter, and the boiling con 
tinned for five mi»nre^. kilter if necessary frfim traced of green chromium 
hydrate, cool, neutr disc by the additfcJfi of a pinch of sodium bicarboi'^te, and 
titrate with N/10 AgNO^. 


1 J.S.O.L, Dec. 1918. 
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Calculation!-- 

HCl in giiams per lOO^c.c. - ‘00364 x 10 x c.c. N/10 AgNOg used. 

Another method is to evaporate 50 c.c. of the liquor to dijynesis on the 
waten bath ; add water, and filter off the tarry matter. Mix the filtrate with 
a solution of/jopper sulphate and ferrous sulphate in about e(]ual proportions, 
and filter the liquid again. Add nitric acid and silver nitrate to the filtrate 
and boil; .allow the precipitate to sfffthv and pass the^ si^iernataflt H^id 
through a filter. Before finally filt 4 ering off the precipitate (silver chloride), 
digest it several times with Itot nitric acid to dissolve out the silver sulpliide 
resulting from the docomposifion of the silver thiosulphate. Filter off the 
silver chloride, and weigh. 

Sulphur. — (a) As Sulphate {Linder). 250 c.c. of the liipior is concen- 
trated to about 10 c.c. on the water bath, 2 c.c. pf strong In drochloric ycid 
added, and the evajioration continued to dryness to decompose thjosUiphate 
and render organic matter less soluble in water. The rcsidud is extracted 
with water, and the filtered solution made up to 250 c c. The sulphate is 
determined by tua^cipitating 100 c c. of this solution with barium chloride, 
allowing the precipitate one night to settle. 

The amount of oxidation undergone by the thiosulphate under these 
conditions is insignificant 

Calculation . — 

Sulphur as sulphate, grams per 100 c.c. = 0*1373 a gram BaSO^. 

Another method is to evaporate 250 c c. of liquor to dryness ; add water, 
filter off the organic matter, and boil the solution with iiydrochloric acid ; add 
a little zinc oxide and filter the liquid. Precipitate the sulphates with barium 
chloride and treat as m Linder’s method. 

{h) As Snlphocyanide {Linder).— "Vo 50 c.c. of tlie boiled solution (see 
“Chloride”) add ferric chloride in amount slightly in excess of that reipiired 
to complete the precipitation of the ferrocyanide«r-(Ao^(;—- As ferrocyanide 
has only been detected in gas liipiors on very rare occasions, addition of ferric 
chloride is generally found to be unnecess^iry, and is omitted, the appearance 
of prussiai. blue, however, on adding ferric chloride, slightly uicid, to the 
boiled liquor is regarded as one of the best (pialitative tests for ferrocyanide) 
as Prussian blue; filter (the solution may be wf.rmed to promote the separa- 
tion of the blue in the fiocctilent condition essential for rapid filtration), cool, 
add .sulphurous acid in sufficient excess, follovf'ed by copper sulpkate, and 
set aside in stoppered flask for one or two liours in ffie cold, to deposit the 
cuprous salt filter cold, wash thoroughly with hot water,^pising little 
sodium sulphate in \he wash wati‘r i{ the precipitate shows a tendency to 
pass through the filter paper; the final washings must remain colourless on 
addition of a trace of ammonium sulphide. Whjsh the cuproqs snlphocyanide, 
wdiich should be white" back/nto tffe f’ask, the last traces being removed 
ftom^ tTle paper by warming on a clock-glass with dilute nitric acid (1 ; 3) ; 
add 1 6.C. to 2 c.c.* of strong nitric acid,«*and boil the soKition until green 
(in presence of much organic- matim-, evaporation to dryness aijd ^gentle 
ignition followed by furthiir tref.tment with nitric ac^Lis sometimes reqcaired 
to complete the oxidation of \\ie copper); cool the oxidised liquid; add slight 
excess of sodium carbonate, acidify wi^ acetic acid, add potassium iodide, 
dilute, and titrate the liberated iodine with N/10 thiosulphate, using starch 
as mdicator. 
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Calculation , — Sulphur as ^juljfliocyanide, grams per •100' c.o. = 2 a 
0‘0052 x.c.c. of N/10 thiosulphate required. 

{c) As Sulphide^ ^ulphite^ ^ind Thiosulphati^ l^Linder). — (h), 10 c.c. ^of 
liquor is.dilu^ed to 500 c.c., acidilied with hydrochloric acid, and titrated wftli 
N/10 iodine solution, using starcli*as indicator. The volume of N/10 iodine 
required determines that of the liquor taken for (2)^ ^ 

(2), 10 c.c. or more is added to excess of ammoniacal zinc chloride solution 
diluted t<5 about HO c.c. with warm >iater*(40‘’-50“ C.). 

'Snlphide. — 4*hc *zinc sulphide on* tlie filter is washed into* excess of 
iodine, aciditied with hydrochloric acid (the l: 4 .st traces of sulphide being 
washed through with cold dilute acid) after Augorous agitation to complete 
the solution of the zinc sulphide, water is added, and the excess iodine 
determined with N/10 thiosidphatc. 

ilaI,ridntion.*-~^u\i)hnr jw snl])hide, grams per 100 c.c. 

= 10 O'OOK) < c.c. N/10 iodine recpiired. 

10 X 0-0017 X c.c. N/IO iodine required. 

c* 

Sulphite and Thiosulphate . conclusion is reaclu'd that no exact 
estimation of sulphite and thiosulphate is possible in ammoniacal lapiors by 
any lu'dliod based on titration with N/10 iodine evirept in quite exceptional 
cases. A united figure for these two constituents can be reached by 
difference, subtracting from the total sulphur, found by bromine o.xidation, 
the sum c^f the sulphurs present as sulphate, siilphocyanide and sulphide. 
According to (k)lman, an approximate estimation of ammonium thiosulphate 
is obtained from the number of c.c. of N/10 iodine solution roipiired by 10 c.c. 
of the liquor after treatment with cadmium chloride, tiach c.c. of iodine — 
0*0148 gram (N]I^)_,S.,() 3 . Th(‘. results, however, tend to be slightly 
high, owing to the other impurities, such as the thiocyanate and plmnols 
having S(«ne action on the iodine. 

The following is a rapid method (also by (lolman) for the estimation of 
hydrogen sulphide in more concentrated liipiors A— 10 c.c. of the sample is 
added to 50 c.c. of N/fO iodine solution, mixed with more than enough 
hydrochloric acid to neutralise tUe whole ol the ammonia, and the iinused 
iodine titrated with N/10 thiosulphate and starch, the differenq^; giving 
the iodine used. A further 10 f.c. is then treated with cadmiiTm chloride 
to remove all hydrogen sii^^hide, and after filtering through puljj, added 
to 10 c.c. N/10 iodine and hydrochloric acid,, titrating back with N/10 
thiosulphate. The«umount qf iodine used, which represents that taken up by 
substances other thai^ hydrogen sulphide,* is deducted trom the amoimt of 
iodine found in the first test, the ditierence giving the member of c.c. of 
N/10*iodinc corresponding to the hydrogen suljihidc in iO c.c. of the liquor. 

(1 c.c. of Nfl0*iodine-^ 0 0017 gram H^S). 

Total Sulphur.- -50 c c. (100 eve. 5f weak*^r lii^uo’rs) liquor are djilivcrcd 
drop bv drop from a burette into a flask, containing excess of bromme (flte 
from sulphur), covered by water^stroimdy ficidi^lated Vi?th hydrochloric acid. 
The (^iclised solution is evaporated to dryness on the water bath, the residue 
rep^tedl^i extrac • T.^th boiling water, filt^f^d, cooled, made up to 250 c.c. 
with water, and 100 c.c. of the solution precipiftitcd witlf barium chloride. 

Sulphur, grams per 100 c.iV^Sx 1*373 gram BaSO,. C^ke-oven 

1 J.S.C.I, Doc. 1918. 
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, t . ■ 

liquors on oxidi.tion with ^bromine often ‘yiehl a heavy yellow precipitate of 
broniinated phenols ; this may retain traces of sulphur in amount sutficiccit to 
affect the percentage distribution sulphur fi^ijures, unless it is recovered by 
fusion with potassium carbonate and nitrate and included in thC|^total. 

Sulphur as Polysulphide. — Witl]^ respect to this estimation three 
methods have been tried. 

(1) The liquor is mixed with excesS of a solution of ammonium cyjtnide 

of known strength in a stoppered bottle ior flask, and tlic excess of cyanide 
remaining after conversion of the polysulphide into thibcyjlnate determined 
by distillation. , 

(2) The liquor is treated as above ; but in this case the thioc.yanate formed 
is determined. The thiocyanate eijuivalent of the polysulphide pi’csont is then 
obtained by deducting from the total thiocyanate figure the amount of thio- 
cyanate originally present in the liipior sepaiately determineil. 

(3) The litjuor is slightly acidified with hyurochlonc acid, nenUalised 
with ammonium carbonate, warmed to promote coagulation of tl'ie* separated 
sul])hur and tarry mattq,^;, and the pnripitate collected on a (looch crucible, 
dried, and weighed. The proportion of suljihur present in the impure 
product is then determined by ])recij)itation as barium sulphate after oxida- 
tion. None of these methods are, however, fna- from criticism. IS' os. 1 and 
2 are subject to interference from dissolved oxygen as already stated, which, 
unless excluded, (‘auses the polysulphidi' figure to ('xc.eisl its proper valu(‘. 
In method No. 3 sidpho compounds of a tarry nature ai(‘ ajit to be precipi- 
tated co-jointly with the sulphur and yu'ld sulphate on oxidation wdih fuming 
nitric acid or sodium peroxide. Of the three methods No. 2 apjiears to offer 
the most advantages. 


Exani]de — Liipior contains [ler 100 parts. 

' Sulphuretted liydrogen, ..... 0*915 

Sulphur as thiosulphate, ..... 0*09 ** 

Hydrocyanic acid, . . . ^ . . .Nil. 

25 c.c. potassium cyanide solution (2 grams KOy) neutralised with sulphuric 
acid and 20 drojis ammonia added. 100, c.c of the liipior added, and the 
mixture, diluted to 250 c.c and allow'ed to stand 10 to 15 minutes. 50 c c. 
boiled to remove ammonia. 15 c.c. iron ahim added, filtered, and the thio- 
cyanate precipitated as cuprous salt, etc. (See ^julphur H.) 


Example- 

^r/10AgNO,(.).^3■0\ ^ 

Deduct equivalent of thioi^yanaU'. present in liijuor 


Per 100 c.c. liquor. 
. 1.65-5 c.c. 

. ‘ 12.5-] y 


_toy „ 

Whence « . ' 

^ Sidphur as po?ysuli)hide f)er ' 00 c.c!‘liquor - 10* 1 ^ 0 0032 - 0*1 29 gram. 

Sulphites. — The dilliculties iitteiiding^pn exact estimation of sulphite in 
ammoniacal liquors have been carcfwlly considered by Linder in thq hope of 
elaborating a reliable mcihod for deti'cting and estiittating this irnp^^tant 
constituent, the following meHiod being adojitcd : 

The PolySulpKlide Method. — lUs a well establidieci face that solutions 
of amnU^nium polysulphide and ammonimn sulphite react to form ammonium 
sulphide and ammonium thiosulphate. 
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As a result of this reaction the iodine value of y\e solution is decreased by 
1 c.c. N/10. iodine for every 0^032 ^^ram of su^hur as sulphite decom- 
posed, the iodine value of the thiosulphate produced bein^r half that of the 
sulphite reduced. This decrease affords a means, therefore, of calculating the 
amoiyit of sulphite present. • • 

The pi;ocedure adopted is as follows 

a. Total iodine value of solution is dt^termined by titmting 10 c.c. of 
diluted and acidified liquor with N/10 iodine. 

N/10 iodine equivalent of ||.,S.,()j= A c.c. 

/^^odine ecpiivalent of sidphide is determined by annnoniacal /.me chloride 
metli^. 

* * • N/10 iodine equivalent of Ib.S !> c c. 

Then N/10 iodine equivalent of lL,Sg(()^--= A !> c (;. 

c. Iodine equivalent of half the sulphite -Mbe thiosulphate is determined 
by adding 10 c.c. of liquor to 10 c.c., or more, of diluted polysulphide licpior 
(prepared by digesting strong ammonium sulphide solution' with powdered 
sulphur, decanting; 2 c.c. of this solution freshly diluted to 100 c.c. gives 
the dilute solution used for analysis). 

After standing 5 to 10 minutes in the cold, the clear yellow^ liquid is 
precipitated by excess of ammoniacal zinc chloride and filtered. The filtrate 
is acidified with hydrochloric acid and titrat'd with N/10 iodine. 

N/10 iodine (less iodine for thiosulpliate contained in the polysulphidc 
used) is the equivalent of • 

♦ JH,>SO,-hll_.S^()3=^-(Jc.c. 


Two examples will make this*clear * — 


1 . Coke-Oven ]A(inor — , 

10 c.c. liouor, IL>S f IL>SO;{+ 8 U7 c.c. N/10 iodiiu' . (A) ’ 

10 c.c. liquor, H.jS . . ' . - 7’7] ,, ,, ,, (H). 

. ‘0-86 ,, ,, ,, (A-B). 

10 c., liquor, 4H,so,,+ H,sA • .. 

.• - 0 - 2 ^ „ N/10io<hno A-(B + (:). 

Whence , * 

Bnlphur as sulphide- 10 a ‘0016 7'71 0 PJ.'M giarn sulphifi- per 100 c c. 

,, ,, sulphite - 10 . -0016. '2 0-0()8:{,, ,, ,, 100 

,, thinsulphato - 10 •(f)16/0’34 0-0218 „ ,, ,, 100 


2. Gas Liqnor- 


10 c.c. liquor, ^ II.^S -t- 1LS( >3 f lL,S.p.{- .32 13 c.c 
10 c.c. liquorf ' HoS . . •. 30-71* ,, 

tc HySO, + . V42 ,, 

c.c. liquor, •?!l->.S()3 4 • “ 1 t, 

*• ,, 
Whence • 


N/10 iodine (A). 

L * (fi). 

„ (A-B). 

„ „ (C). 

,, ,, <A- (B-i C). 


Sulphur as .sulphide - 10 x ‘0016 ^ 30-71 0*491 4 ^rara S per 100 c.c. 

• „ stlphite -10 X ■0016x2x0*09-0*0029 „ 
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Sulphite, il present, only exists in tips lupior in iiisigniticant amount. It 
is reasonable to conclude that it is absent. ^ 

It should be pointed 6ut that the iodine^ figure for |^H 2 SO,j is reached by 
subtraction = A -( P) + (1). This will eliminate, to a materia#’ ‘ extent, the 
efFe(?t due to interference of organic fnatter, as titrations A and C arc 
carried ou1> under very similar conditiions, wlide 11 is not considered to be 
materially affected under the conditions observed for precipitation ot the 
zinc sulphide. , • ^ * c 

Distribution of Sulphur in Ammoniacal Liquor.— If we subtract 
from the total sulphur foulid by bromide oxidation the sum of the con- 
stituent sulphurs found as sidphate sulphocyanide, thiosulphate (determined 
by titration of the acidiiied filtrate, from the sulphide by N/IO iodine) and 
sulphide, a difference figure is obtained, which has proved to be invariably 
negative in sign, since' the ado])tion of the improved metho.l for estinv^ding 
sul])hocyaijide. Kvidence had been obtained that some of tji 9 difference 
noticed was due to the pnisenee of sul[)hite, which caused thh thiosulphate 
figure to largely exceed*’its proper value, by reason of the factor for conversion 
of N/10 iodine into sulphur as thiosul})hate being 0-0061 gram sulphur 
per 1 c.c. N/lO iodine, while that for sul})hite is only one-fourth of this. 
This has failed, however, to reduce the diffi'rence figure to the limits of 
experinu'utal ('rror, and the conclusion is reached, therefore, that organic 
matter is the disturbing cause, as such differences are not noticed when the 
same methods are aj)[)lied, to determine the same constituents, on solutions 
from which organic matter is excluded. Various considerations point to the 
thiosulphate titration as the one peiadiarly liable to such interference ; for 
this reason the iodine method of estimating this constituent m ammoniacal 
liipiors is finally rejected, in favour of a figure arithmetically obtained by 
diff'eren(;o. 

Cyanide (Hydrocyanic Acid).- -According to the Fifty-foufth Annual 
Report of tlie Chief Alkali Inspector, hydrocyanic acid in ammoniacal liquor 
of ordinary strength is convenitmtly determfned by means of Feld’s method, 
whereby 50 to 100 c.c. of the liquor are distilh'd with excess of lead nitrate 
into 25 c.c. of normal soda and the distillate titrated with N/IO silver 
nitrate, with the addition of a crystal of potassium iodide as indicator. The 
method is inapplicable, however, for the analysis of Inpior of high strength, 
as the amount of lead nitrate n^qiiired to satuAite the solution then becomes 
inconveniently great, and the li(|uor in the flask too highly charged with 
pri;ci])itate U» admit of safe distillation. Tl*^; cyanidb in such* liipiors is 
more conveniently determined by the “ Polysulji^iide ” method, whereby 
cyanide is cofivm-ted into thiocyanate by the action of ayiifionium poly- 
sulphide, and titrated with silve*- nitrate. The amount of thiocyanate and 
chh*ride pre-existing in the liqupr is i^etui’mined by a blank experiment 
and deducted. ^ ^ 

ff’he following proce{|ure js recortim^mdcd in the case of liquor containing 
**"a s'lnall amount o\ chloride : 

(i*) BlaiiJc 50*c.c. of th# liipior are run iR'to 100 c.c. of boil- 

ing water in a flask, and the boiling continued to expel ammonia; iO c.c. of a 
saturated solution of iron alum are then added totlj^eliot liquor, ^and*tbe solu- 
tion allowed to stfaid 5 to*l0 minutes ; it is then filtcrq^l, and the precipitate 
wasli^d with hot water. To the col^^ltratc 5 c.c. ^(f 50 per cent, nitric acid 
are -added, and the solution nitrated with N/10 silver nitrate. A sufficient 
excess of the silver solution (0*5 to 1 c.c.) should bh Added \q ensure 
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precipitation of all the chloride, and the solution filtered and •brought back 
with N/10 ammonium thiocyanate. 

(2) Conversion of Cyanide mio Thiocyanale. — c.c. of the liijuo*’ are 
run into ^0 of water, containing sufficient ammonium polysulphide to 
convert the whole of the cyanide* into tliiocyanate (say ()1 sulphiip as 
polysulphidc per 0‘05 HCy) and the mature diluted. to 250 c.c. {kkI allowed 
to stand 10 to 15 minutes. 100 c.c. of the mixture — which should be yellow 
in colour— is then boiled to remofc ^nmionia (10 to 15 mimitt^s), with 
addition of more water if rerpiired. To the hot solution add 10 c.c. iron 
alum and proceed as above. The following are cited by way of illustration 

Concentrated li(pior of approximate composition — 


Ammonia, . 
f ulphurt'tted hydrogcai. 


. 22 ‘0 per cent. 

. o -;5 „ 


BMnk.~ 0 -^O c.c. of liipmr reipiire 1 12 c.c. N/lO AgNO.^ for (diloridii, ])lus 
thiocyanate = c c. ])er 100 c.c. li(pmr. 

Folysulphlde mi.rture . — 100 c.c. liipior, 2‘5 polysulphide ( — O’l gram 
available suljdmr) made up to 250 c.c. 

100 c.c. reijuire (a) 4'5G 


{h) 4 '50 


mean 4-52> c.c. N’/IO AgNO... 


Whence 100 c.c. rc([uire 4’53 . 2*5= 1 1-20 c.c. N/^0 AgNO.,. 

deduct blank - 2 '84 ,, ,, ,, 

8 * 4 ^ 

Whence 

Hydrocyanic acid per 100 c.c. liquor = 8 16 - 0 0027 ^ 0‘0228 gram. 


With liquors liighly charged with cldoride it is necessary to pr(ci[)itate 
the thiocy{«iat (3 as cuprous salt, as in the following estimation of thioiyanates : 
60 to 70 c.c. of distilled water are raised to the boil in a suitable Hask and the 
iKiiling continued for a few minuti^s to expel dissolved oxygen , 50 c c. of the 
Ihjuor under examination iire then slowly run into the fri'cly boding water, 
and the boding continued for 10 to* 15 minutes to ex[)el ammonium cyflnide 
and sulphide. *To tlie hot solution (90'’ - 95° (l.)are added 10 c.c. of a^aturated 
solution of ammonium iron alum to prc'cipitate ferrocyanides and oxidise 
thiosulphate to tetrathionate^ a sufficient excess being used to convert the 
thiocyanate into the blood red iron salt. After st-tnding 5 to 10 minutes tin; 
solution i if filtered, Ifrst by (hicantatvm and subseipieiitly by washing \yth 
boding water. To the# still warm filtrate *acid sulphite ol soda is addl'd, 
followed by a’cystinct excess of a 10 ])er cent, solution oi coppdl' sulphate and 
the solution allowed to stand, say forlnjf a]j hour at 50 -60 0., to coagulate 
the cuprous thiocyanate. The^ solution is then filtered and the preeij^tate 
thoroughly washed with boihiig* water ’ until the final washings remain 
colourless on addclition of a dilute soiut^m of yotassntii^ lerrocyanide.^ Ihe 
residue in the filter is then washed back into flie fiask and digested wifb 2>c.c.* 
of a 4 per cent, siilution of causti# soda (IWie from cUonide) at 20°-*40’Ck 
It is thernfiltered, and the filtrate acidifie?! with 5 c.c. of nitric acid (50 per 
cent. f^Pength) and td.Mted with N/10 silver filtrate, with addition of 1 c.c. 
of a saturated soluti(;n of iron alum as indicator.** In some* cases filtration of 
the acidified solution is cflllcd for before Nitration, and, in general, the eiK^point 
is rendered sharper, if a slight excess of the silver solution is added (say 0 o c.c.) 
and the iftilutiotr filtered and titrated with N/10 ammonium thiocyanate. 
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Sulphur aL thiocyanate, gram per. IQO c!c. «2 x *0032 x c.c. N/10 AgNOg. 

Hydrocyanic acid, gram per 100 c.c. - 2 x *0027 x c.c. N/10 AgNOg. 

Colman ^ recommend.^ the following method for concentrated licpiors : — 
100 c.c. of the li(pior is taken, if possible directly from the bulk tj bevanalysed; 
if not, from a sample taken and prcservbd from contact with air as much as 
possible, and slowly run from the .pipette into a flask containing about 
150-200 c.c. of boiling water, to which about 10 c.c. of N/1 caustic soda has 
been added. The water in the flask should have boiled for some miiiates 
before the addition of the sample, so as to ensure the removal of all dissolved^ 
oxygen. When the bulk of the ammonia has been driven ofl', a solution of 
5 grams of lead nitrate is added, and the mixture distilled for 20-25 minutes ; 
the distillate is collected in \vater containing 25 c.c. N/1 caustic soda, the end 
of the condense]- dipj)ing beneath the surface of the li(]uid in the receiver. 
All hydrocyanic acid present as ammoniun cya^v^ide is found in the distjllate, 
which is titrated witli N/10 silver nitrate in the usual manner, fuldin^ a little 
potassium iodide as indicator (1 c.c. N/10 AgNOg- 0*0054 grams H.O.N. 

Colman’s test for Ammonium Ferrocyanide and Thiocyanate. — 
A few drops of ammonium polysulphide solution are added to 100 c.c. of the 
sample till the solution shows permanently the yellow polysulphide colour, 
wlierel)y iiny cyanide present is converted into thiocyanate. After standing 
about 15 miiiutos lead carbonate is added to remove hydrogen sulphide, and 
the filtrate boded with addition of about 10 c.c. of N/1 caustic soda till 
most of the ammonia is driven off. The addition of a fixed alkali before 
boiling is necessary, as ammonium ferrocyanide loses part of its hydrocyanic 
acid when its solution is boiled, and the previous reuioval of hydrogen 
sulphide is necessary, as in the ])resence of ammonium sulphide, hot alkali 
causes a partial conversion of ferrocyanide into thiocyanate, thereby rendering 
the residts for the former too low, and for the latter correspondingly high. 

The solution is made dightly acid with sulphuric acid, and a'^solution of 
ferric alum added drop by drop till it shows the distinctive colour of ferric 
thiocyanate. The solution is then filtered 'through pulp, which retains the 
Prussian blue formoil from the ferrocyanide, and is wa.shed with water con- 
taining some dissolved electrolyte, such as sodium or potassium sulphate 
(washiiignwith distilled w^ater often causes, some colloidal prnssusin blue to pass 
through the filter). The precipitate contains all hydrocyanic acid present as 
ferrocyanide, and the filtrate all that is present* as thiocyanate. (With small 
amounts of ferrocyanide, it freipiently happens that the colour of ferric 
thjpcyanate makes it difficult to see whether any prussian blue has been 
precipitated, but this shows up distinctly on tho liltcr-paper pulp after 
washing. Fituration should be carried out in all cases, as ev#*!! quai^tities of 
Prussian blue which cannot be estimated, if left in, interfere with the end 
reaction in the subsequent titratioij of the Hltfiate for thiocyanate). 

About 10 c.c. of normal caustic soda is poqred on to the, filter-paper pulp, 
containing the prussfan blu^, whidn decomposes it, forming sodium ferro- 
‘'cyanfde. This iaVashe^ out with water, the filtrate strongly acidified with 
sulphfiric acid, ai>d ‘■distilled atccording »to the method 'Ylf H. E. Williams, 
with the addition of a little cuprous chloride, when all the hydrocyanic acid 
distils over, and is collected iii> water containing abput 25 c.c. of^ N/l' rustic 
soda, as in the determinafHon of the cyanide, the disUllate b6ing similarly 
titrated with N/10 silver nitrate. A**convenient method is to use a 10 per 
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cent, solution of cuprous chloridls in hydrochloric \cid, some* copper’ strips 
heing*kept in the bottle to maintain t*lie whole in the cuprous state. 

Two alternative methods may J)e employed for e.’^kiiation of the' thiocyanate 
in the filtrai\from the prussian blue, the first being the quicker but rather 
less accurate for an unpractised eye,. " # 

The first method consists in adding to the filt^ite a further quantity of 
ferric* alum, heating to 95" C., and after 5 minutes, cooling well, then 
addijig dihitc nitric acid (free from nflrous and hydrochloric, ayids), and 
titrating by Volhitrd’.? method with N/lb s^ver nitrate until the red colour of 
the ferric thioc;yanate disappears (1 c.c. of N/10 AgNO.,^ 0‘0027 gram HC-N, 
or 0‘0076 gram NHjCN8). The solution in thi^^ ca.se does not become colour- 
less, but almost always retains a pink colour, due to the action of the ferric 
salts upon the phenols present, and this makes the end point of the titration 
rather less easy to decide, but with a little practice khere is no difficulty in 
ascerifi^ning the point where The colour .due to ferric thiocyanate disappears. 

To obviate* this difficulty entirely, the second method which affects the 
removal of the phenols and other impurities presuiit is preferable, until 
experience has been gained in the titration by the first method. This 
method must always be employed if chlorides are present. In it, the 
filtrate from the prussian blue, which should be only slightly acid, is heated 
to boiling with the addition of more than sufficient sodium sulphite to reduce 
the whole of the ferric salt present to the ferrous state. If a large excess of 
ferric alum |ias been used for precipitation of the f(u*rocyanide, a correspond- 
ingly large amount of sulphite is required. Cop])cr sulphate solution is then 
ddded in excess and the preci})itated cuprous thiocyanate filtered through 
pulp, washed, and the pulp and precipitate stirred with a hot solution of 
caustic soda or sodium carbonate (free from chlorides) and filtered. The 
addition of a few drops of ferric alum solution to the alkaline solution (fm-m- 
ing ferric l^droxide) often facilitates the filtering and washing of the mixture 
through pulp. The well-cooled filtrate is then acidified with dilute nitric 
acid (free from nitrous and hydnfbhloric acids), ferric alum added as indicator 
and the titration wWi N/10 AgNO^ made as before, 4intil the colour of ferric 
thiocyanate disappears, the solutioi^now becoming completely colourless* If 
the amount of j^yariide lias been previously estimated, the amount fownd must 
be deducted from that found as thiocyanate, as this figure includes all 
hydrocyanic acid present as«cyanid(‘ in the original samjile owing to the 
preliminary treatment sp(‘cified with ammonium polysulphidc. 
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' CALORIMETRY' ARD PYROMETRY. 

General Remarks. — H i« ol’ten of greater impoi-lanco to know the 
coniparative caloi’ilic valnes.ajf fuels thati the absolute iignre. Tims, if a 
punjliase of eoal were being made, and a series of samples siif)mitted to a test, 
the one giving the liigliest ealorific value — other things being equal — would 
be the most cconojuiCal. The quantity of ash and sulphur, the e^se or 
difficulty of burning, the cost, etc., would also be taken into c/ij)sid'eration ; 
but comparative heat values would be of equal service to a figure absolutely 
correct. This would i\ho be the case if it were desired to discover whether 
coal from a givim source varied in (piality from time to time. 

No calorimeter for fuels, liowever elaborate and costly, yields absolutely 
correct calorific values. All are restricted in this respect by the delicacy of 
the thermometer with which the temp(;rature is read. Any instrument, 
theriifore, which yields concordant results, with a close approximation to 
accuracy, is of cMpial service to tin* most (expensive forms, Foioall ordinary 
purposes, Darling’s calorimeter, usial with the glass vessel, suffices. If for anv 
reason it is desired to obtain a figure cIosit to tlu^ absolute value, the copper 
vessel and shield made for the purpose should be used, and also a more 
delicate tliermometer. 

“(falorific values are sometimes expressed as (1) calories per gram of fuel ; 
(2) pound-degree Centigrade heat units per pound of fuel; and- (3) British 
thermal units, or pound-degree Fahrenheit units per pound of fuel. The 
figures for (1) and (2) are identical ; ' and (3) may be obtained by 
multijdying (2) by V. 

3’hus, if 1 gram of coal gives 8250 calorics or gram “ C. units, then one 
jimimr r/ coal will give 8250 pound — " C. units, or 8250 x 14,850 
British thermal units. 

The empora five power of a fuel (expresses the number of pounds of water at 
the normal boiling point 100 ( ^ or 212" F. which would be converted into steam 
atr the same temjierature by burning *one pound of the fuel. It is obtained 
by dividing the calorific value by tbe number repref^ enting the latent heat of 
steam, which for (kmtigrad(; units is 537, and for Fahrenheit ,,udits 9G7. 

r i bus, in the above casg — * or = iD-.m. 

537 967 

Fvaporative po\Vv;r-= 15’3f). t ^ ^ 

'The “ Darling” Fuel cVlorimeter (fig. 37).— /I) Carefully gadnd 
lip an average sanfpfe in up iron nv>rtar,Hind weigh out 1 %o 1*5 grams in the 
crucible. Brush any particles from the sides into the mass at the tiottom. 

(2) I’repare a (piantity qf ‘water at a to mperatuiie about 2’5\C. beiow the 
temperature of the room.* WatiT drawn from a tap ¥aries in temperature 
accoitling to the season ; but usually*‘it will be necessary to add a little warm 
water to it in order to bring it to the reipiisite temperature. Measure out 
1400 c.c. into the vessel. 


02 
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(3) Place the crucible in positfon, and fasten the^ glass cov?r dowil upon 

the rubber ring by means of the screws, so as to form an airtight joint. The 
screws must only bo turned untilia resistance is felf^f any further tightening 
might crapk ^le glass cover. ' 

(4) Insert the rubber cork into the neck so that tlio ignition-wiiie is 
embedded in the fuel. The copper wi;c should teryiinate abontrlevel with 
the rifn of the crucible, and the tube delivering the oxvgc'ii about .1 inch 
aboAiB the Surface of the fuel. 

(5) Turn on a gentle stream oi oxyge.n irom a cylmrler or gas holder, 
and immeise the apparatus in tln^ water, (larelidly note tl\c temperature of 
the water, and complete the battery (*ire,uit. As fj<)on as tlu' fuel is ignited, dis- 
connect the battery. Allow the combustion to proceed sUaidily until completed, 




Pin. 

tlieri continTie passing the ox 3 ^geii, mixing tin; watm- by lilTiiig the combustion 
arrangement u[) and do\in, until no further rise of tempi'rature is observed. 
Note the tempe^-ature carefully. • 

S.PrefautionS. — (u) The oxygen mn^t nover be admitri'd so rapidly as to 
cause particles to be blown out crucible. The time reipiirtsd to b*irn 

1 gram of average^coal in a steady stream of oxygen is about 5 minutes. 

{h) Tf the sample is observed to burji tith a f^nokj ftanie, the combustion 
must* be stopped, as the result will be valueless owing to unluirnt carbon* rA 
second combustion aJfould then be ])Qi’forme( the end (rf the oxygen*tube 
one inch below the cork until all volatile matter has burnt off, after which 
the tubgtnay be puslual'down to the crucible ai*d the combustion completed. 

(c) During the cegnbustion the tube dclivenVg the o<iygeii should be 
moved about so as to ensure that ever^particlc of coal is consumed, ^die 
flexibility of the rublier cork allo\vs of this operation being easily performed. 
In every eftse near the end of the combustion, the supply of oxygen should fie 
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sufficient to cliuisc the crucible to bocoi^ie visibly red-hot, whereby complete 
combustion _ is sc(;ured. * 

(6) The calorific value is calculated as follows : — 

(VVeijj[ht of water -f- watei' O(jnivalent) rise of temperature value 
' Weight of fuel taken 


1 cubic centimetre of water is taken ;^sAvcighing 1 gram. If acFahre.nheit 
.thermometer is used, the result will e*xpress British thermal units per pound 
of fuel ; if Centigrade readings are taken, the figure will represent either 
calorics per gram or pound-degree C. units per pound. 

E.mmpk — 1 gram of Welsh steam coal burnt as above. 

Water taken =; 1 100 c.c. or grams. 

AVatcr (‘qVii valent of apparatus and* vessel =- 20 i grams. 

Temperatiin' of water before combustion — 1 1“ t^. 

Temperatun' oh, water after combustion == 11)'2W C. 

Ttanperature of room =- !()•()“ C. 

(/alorific valuer 


(U0()H-2()i) (19-20- U) , 

k J ^ ^ ' r -^8d41 cals, per gnim, 

or 8341 lb. - “ C. units })er pound. 

9 ■ 

8.341 xk_ 15,014 British thermal units i)er pound. 

5 

u 4- i-ro 

Jiivaporative power— = lo-5.k 
53/ 

The “Bomb” Calorimeter. —This type of calorimeter is^ the nearest 
to perfection and lends itsidf to the ultimate analysis of the fuel at the 
same time. . 

The bomb ((ig. .38) is usually made of steel, and is lined with enamel or 
nickel, or for very accurate work with gpld or platinum. It is provided with 
a tightly fitting cover, held firmly in place on the gasket by a collar screwed 
down oii th outside Through a valve in the cover oxygen Is admitted for 
combustion, Tlie capsule in which the coal is placed for combustion is 
supported, near the cenki’c of the bomb, on one of the electrodes, which in 
turn is attached to tlie cover. 3'be other electrode pierces the cover and is 
insulated from it. The bomb stanas in ab;alorimeter vessel containing a 
weighed (piartity of water (usually about 2000 grams). Midw^iy between the 
bomb and the side of the vess(d an accurate thermometer, ^ which, ewith the 
aid of a cathetometer and telcs(?op(3‘ maj^ be road to thousandths of a degree, 
is introduced through the cover ‘of the calorimeter and fixed in place with 
the bulb of the 4l\*;rmomoter op^)osite the* centre of the bomb. While a 
detot'minatioii is4)ciiig^nad0, tUe vvateV is thoroughly stirred at a uniform rate 
with, a stirrer whi(;fi projects, Jr^rough a hole in the cover. The air space 
between the inner and o«ter paili serves as an insulation from the heat of 
the room. For accurate work this space is also tilh'-^l with water, and in that 
case it also is pj'tndded ^tli stirrer and thermometer. 

Formula for Calorific Pow^- : — • • 

e _ •■( W + w) -- ( -238 N + 3a + 1 -6 F) 
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C = calories produced b/ burning 1 gram, 
r = corrected rise in temperature. 

W the weight of watei%in the calorimetcf #n grams. 
,w =Hhe water value of the calorimeter. 

N = mgms. of nitric acid formed, 
a = mgrns. of sulphuric acid farmed. . 
b' = mgms. of iron wire (used for ignition) burnt, 
weight of the sample o^ coat burnt. 



Fm. 88. 

• • 

The acids })eing estimated j#fter*the test by chemical means. 

In the modifM’ation by Dr.'tiv. Krooker there are entrance and exit tubes, 
by means of which a current of dry a>r may,,aPjLir t^^e experiment, be passed^ 
through the bomb, ;ind the escaping gases^ind water vapour collected in the 
usual weighed ciflcium chloride ttibes ^^nd potji»sh biflbS, allowing for the 
determination of the water and, if desired, of the carbon dioxide produced 
in thff combustion. * > 

Calorific Value of Ga^bs. 

Junker’s Calorimeter (fig. 59). — This calorimeter is made of c!opper, 
and conftists of^a «ombustion chamber surrounded by a water-jacket, passing 

ri 
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vertically tlirou^h which are a niiiTjber of tubes open at both ends. 
Surrounding this water-jacket is another jacket, which forms an air spaice to 
prevent loss of heat by ra'dfation. The wate", after passing through the inlet 
funnel (provided with an overflow to keep the head of water co'istant), flows 
throtigh regulating cock and over the bulb of the inlet thermometer. Thence 
it circulates around the vertical tube^ previously mentioned, and, becoming 
heated by the products of combustion, rises and flows past a series of baffle 
plates and an outlet thermometer to tlfe outlet funnej. From tliere it is 
conveyed by a piece of flexible rubber tube either to a measuring cylinder or 
to wast('— th(^ tubing being' manipulated by hand, fl'lie gas, after passing 
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through the governor and meter, is burnt* in a l^uiisen burner, and the 
products of (;»/inbustion, rising up through the (iombustion chamber, are 
deflecUid at the top and fail down through the vertical tu^es— thff latt,er 
communicating their heat to the \vatbr circulating around them. The pro- 
ducts issue through a large tube provided with a regulating valve. Any 
condensed water is Ifetk'away by a tikbe, collecthd and measuted ; the amount 
-collected enabling^a corrfcctiob to be made for the latent heat of the stoam 
geneniited during t^e«,combustioi*<i;i' the gf^s. \ 

The apparatus is used ih the folhjwing manner : — After the thermometers 
have been put into position ^le water is turned on J>y the cock (/), and 
when it is running^from bot^h overflows the gas is litVnd burned 'at the rate 
of from 6 to 8 cubic feet per hour.^ The temperakure* of the water at the 
outlet will begin to rise until a temperature is obtained at which it will 
remain constant. The speed of the water passing through the app.iratu8 is 
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then ^regulated by the cock (f)^ so that there is a difference in temperaturi 
between the inlet and outlet thennorneters of 10;to 20 X\ As soon as tin 
difference is nearly constant anti the condensed water is dripping regularh 
from the»pip^ (d) the test is commenced. Wait until the index of tlie gtu 
meter, which legisters the gas consumed by the flame, passes an^^^rticulai 
point, and then rapidly move the hot water ovcr*from the funnel to tin 
measuring cylinder and place a small megtsuring cylinder under the condensed 
water outlet. TJ^ie *’eadings of both thermometers are taken evefy mitnite, 
the test being continued until about one efibic foot of gas has passed, and the 
measuring cyKnder, which should be of sufficient size, is filled to the mark 
when the meter is read, the warm water tube* connected to waste, and the 
condensed water cylinder removed and read. The gross heating’ value of 
a gas when burned is obtained from the formula : 


where H is the gross calorific value of 1 cubic fo-)t of gas, 

W is the quantity of water heated in litres, 

T is the difference of temperature in degrees C. between the 
inflowing and outflowing water, 

G is the quantity of gas burned during the experiment in cubic feet, 

and represents the total heat generated by the combustion of the gas, 
including tl?e latent heat of the steam produced, which steam is condensed 
to water in the calorimeter, giving up its latent heat of vaporisation to the 
circulating water, lo obtain the net calorific value it is thus necessary to 
make the following correction : 

The latent heat of steam is 538 calories, i e. to c' lqiorate 1 litre of water 
from the boiling point to stetim would iibsorb as much heat without raising 
its tempert^ture as would raise it 538“ G , tliereforc in reducing steam to 
1 litre of water at 100“ C. 538 ui^ts would lie liberated, and in bringing this 
down to atmospheric temperature (15“ C.) a further 85 units should be 
added, making it in all 623 units per litre, or -623 units per c.c. Therefore 
the number of c.c. of water condensed from 1 cubic foot of gas multiplied by 
■623 will repreaent the heat generaV^d during the burning of 1 cubi^ foot of 
gas due to tho latent heat of the steam condensed. This should be deducted 
From the gross calorific valu^ the result being the net calorific value per 
:;ubic foot j^f gas in cidories, which, multiplied by 3*97, gives it in IhTh.TTs. 


Example — 

'Tipmiperature on inlet, 

,, „ outlet, 

,, ,, oiitlc# products, . 

Ga^ passed, , . . , 

Air temperature, . ^ 

Gas tejnperature, 

Watft’ collected,. 


. 15-6“ C. 

. 26 Vg. 

. 15-6“ C. 

(^’10 cubic feet 
.. l5-6;c. 

. 15-6 G. 

. f-2«0 litres 


1-230 X 11-2 

“ •] • / 


= 137-76 gross calories per cubic foot 


Water •ondensed, . . . 1-8 c.c. 

1'8 X 0 6 ' ^0 = 10-8 to bo deducted from the gross 

137*76 - 10’8 = 126*96 net calorics per cubic foot 

126*9^ X 3*97 = 503*63 B.Th.Us. (net) per cubic foot at N.T.P. 
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The “ Boys” Calorimeter (fig. 4a).— This calorimeter consists of three 
parts, which may be separ^xted, or which, if in position, may be turned re- 
latively to one another atJout their common^ axis. The parts are : -(1) The 
base carrying a pair of burnens and a regulating tap. The upfer surface of 
the feascyjs covered with a bright metal plate held in position by three 
centring and lifting block's, which are so placed as to carry. (2) The vessel, 



Fig. 40. 


which is provided with a cenlnl copper chimney and a condensed \fater 
outlet. (3) Kestfug^ on tjie rihi of the weasel is the watew circulating system 
of the calorimeter attached to the lid. 

Except for the difference fa design the action c|f Vue “ Boys ” calqf’imeter 
is the same as with the Juhker instrument. , 

The Simmance-Abady Calorimeter.— In this instrument (fig. 41) 
the thermometers arc placed side by side for convenience in reading, and 
there is also a water-level tube B provided, to enable the eperator th see that 
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there is a constant head of water, and therefore* a constant flow of water 
thrcftigh the calorimeter. The water flows three times from the bottom of 
the instrument to the top tlirough narrow annulat chambers, being conducted 
ft’om thp td^ of one annular chamber to the bottom of the succeeding one by 
four small tubes. Finally it flows past the outlet thermometer^ the 



Fio 41.. 

measuring cyiinaer or lo waste, ^he tflting fuifnel U attached to the outlet 
enables the outlet water to be diverted as required witliout disturbing the 
rate of fldw throvi^u tfie instrument. The ga»Jiurner is^ fitted with a mirror 
which enables the flaiie to be observed during a test. The calorimeter is 
packed with -asbestos and lagged with mahogany strips to avoid radi^ioii or 
absorption of hei^t. 
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The condewjcd water, ^or condensed combustion products, are collected at 
D, when a net figure is required, the method of carrying out a test being 
exact],y the same as with the Junker instrumj^nt. 

Simmance-Abady’s Recording Calorimeter (Calor^Grj^ph). 

Its pK^inciple.—\\\ this instrument an adjusted volume of gas is burned. The 
heat fruTE^ihis coml)usti^)n is absorbed by a regulated quantity of air which 
then passes over one member of a difterential thermometer, the other 
member of ^y]lich is affected only by the room (air) temperature. The 
indication of the differential therigometer, which is thus a* measure of the 
heat given off by gas on combustion, is recorded by means of a pen upon 
a chart passing over a clock drum. 

The Constant Consumption of Gas.— The consumption of gas is 
automatically controlled by means of a balance governor, viz., by the 
difference in weiglits between e(jual volumes of air and the gas being tested, 
the valve closing in direct proportion to the gravity of the latter. When the 
densities of both air and gas change, the acUion is reversed, the 'extent of the 
action still being in exagt ralio to the gravity (as distinguished from density). 
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Tne Differential Thermometer: — The differential thermometer 
consists* of two metal diajihragms filled^ with air, one at e; 4 ch end of a 
balance beam. Any movement of this beam is transferred to a pen which 
records upon the chart as it passes over a revolvdng drum driven by clock- 
work. The volume of air ift the diaphragms will vary as their temperatures 
vary, so that they will expand or contract, andf4:,hus cause a movement of the 
beam, and a consequential movcmient of the pen. f^s, however, the right- 
hand diaphragni is affected only by the temperature of the room (co]^ air), 
while the left hand ‘diaphragm is rfieiVcd by the heat of the flame as well as 
the r^'om temjieratnrc, the movement of the pen, which is the difference of 
the two effects, is proportioned to the heat obtained from ,tho combustion 
of gas._ * • 

“ ' f^UOMBTRY. 

The old-fashioned methods of usiAg Seger cones (fig. 42) are not applicable 
to coke-oven ])ractice. ^ 

The Thermp-Electqc Pyrometer. ~ Thii type of ' pyrometer 
depends for its action on the fact tli^t when a junetioh of two dissimilar 
tnotal? is heated, an electro motive force is set up at the junction which 
gives rise to an electric current when the circuit is closed.. Thistelectro- 
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motive force varies with the" teinperature of Ihe junctitm, hence the 
meastiremeiit of this electro-motive force may be made to measure also 
the temperature of the spot w^Jiere the junctioif*s situated. The ipetals 
used to /oriH the junction are usually platinum and platinum alloys. 

The Platinum Resistance Pyrometer (fig. 4:i).— This pyr^ eter 

works on the principle that platiniup increases hi resistance tj^Cnse in 
temperature, therefore the measurement of the rise of the increase of 
resktance* may be made to measur*# thjj •temperature. The necQssjy’y current 
is obtained from two dry cells, it bein<^ me;isured by means of a galvanometer. 

The Fery Radiation Pyrometer (fig. ^i).— In this instrument the 
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radiant energy from tl^c source of heat is •focussed by the aid of ;i mn'ror 
upon a smaU thermo-junction, which is therefore iieabnl, and G^elivers current 
to the Indicator, which is calibrated to read direct the*tenipei'atiire of the 
body at which the instrument ^s pointing. The advantages of these 
pyrometers are obvious, since the instrifinent need not be inserted into the 
furnace, and theTefore does nol under^odetcrioration §\fing to the continuous 
ackon of the furnace gases as with the dirc(?tly*lieatf:d thcPmo-junctioip types 
The Fery Spiral Pyrometer. — Th%instrnmcnt,is^a simpler aigd more 
compact, though less accurate, pattern than tlnf Fery Radiation Pyrometer 
alrea(^ described. The method of receiving tj^ic radiant heat and focussing it 
to form a heat inu^m fl'hioh covers a sensitive.element .in the telescope is 
exactly the same as f#r the Fery Rs^iatiou Pyrometer, but the diliercnce 
consists in the sensitive element. Instead of using a thermo-couple which 
must b^ connected to a mill i voltmeter outside the instrument, a very small 
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bi-metallic spiral is used; and this controls the movement of a pointer which 
moves across a dial calibrated in temperature degrees. The instriinfent is 
thuSf entirely self-con tairfeO. # 

Fig. 45a shows the complete instrument on its tripod. F»^. 45 b shows 



• t 

a sectional view through tly? pyrometer, R being tli§ bi-motallic Spiral, C the 
concave mirror, V the pointer, and l)^the scale. Th» spiral is shown, greatly 
enlaJged, by ‘Fig. 45c. 

The action of the spiral when heated will be understood, from the^ollowing 
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consideration. If two strips of metal, having different coifficients of ex- 
pansion with temperature, be soldered together to form one strip of double 
thickness, then, if the temperj^ture be changed,* ^ne side of the strm will 
expand (jr dHntract at a different rate to the other. If the strip is nxed at 
one end only this varying expansion causes the free end to bend over so that 
it moves through a measurable space for a comparatively smajJirfWffige in 
temperature. In the Fery Spiral J^yrometer the strip built up of two 
diaiimilai* metals is rolled fiat and rery •thin, and coiled into a spiral shape, so 
that as its temperature is raised the spiraj uncoils. This spiral is very small, 
actually measiuring loss than ^ of an inch (‘1 mm.) diameter, and (^^ths of an 
inch (2 mm.) wide. It is fixed at the centre and its free end carries a light 



aluminium pointer which moves across a dial. The instrument is calibrated 
so thaf the residing of the pointer on the dial indi(;ates dir^i^ctly the temperature 
of the body on which it is sighted. 

The Cambridge Sciedtifit Recording Galvanometer.— Tlfis fe 

cording galvanfimeter is so arranged to give a f^wes of records of the 
instantaneous deflections of a galvaifomctci; pifintew Th® method employed 
for producing records has the ai^ntage of producing contmuousl^; 

visible records, while avoiding p?n-fric4ion. is a diagram showing 

the essential parts qf the recorder. A is a galvanometer pointer turning 
about its .‘«xis B, m.u o^rLanging a drum C. * Between the pointer A and the 
drum C an inked tlire^d C is stretche^ parallel *to the axis of the drum, and 
at a short di&tance above its surface.* A presscr-bar D is situated ab^e the 
galvan#meter poster, and this bar is normally held free of the pointer bj 
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means of a cam E and ittj follower F. At regular intervals the cam E makes 
a half-revolution, allowing the presser-bar D to fall upon the pointer A and 
then ^raising it again 4ts normal height. As the presser-bar falls, it 
depresses the pointer on to the drum, nipping tlie inked thread^' betfcWeen the 
pointer and the paper. The pointer end has a knife-edge on its under side, 
which 'ices a dot upeai tlie paper at the point of the intersection of the 
pointer and the thread, thus making a visible record of the instantaneous 
deflection of the galvanometer. ^ ‘ 

The galvanometer pointer is hinged so that it can be depressed without 
bending the suspension. In tiic intervals between the reproduction of the 
dots the galvanometer is, of course, free to take up its true defection without 
frictional errors. As the dot is always produced where tlie thread and the 
pointer intersect, it will be obvious that by suitable Jirrangements of the 
galvanometer coctHcieut^ })aper with rectangular eo-ordiuates of uniform scale 
can be used. 



CHAPTER IX. 


BENZOL RECOVERY PLANT. 

Benzol in Benzolised and Debehzoli§ed Oils.— -250 c.c. of tbo 
benzolised or c.c. of the debeiizoliscd oil is distilled from a litre distilling 
flask up to 200“ (b The distillate (a mixture of liglit oil and water) is 
separated, and the oil distilled from a 100 c.c. round-bottom flask, fitted 
with a two-bulb [ractioriation column. 

The fractions (1) up to i^20“C, (2) 120” C. to IflO’C., and (3) 1G0“C. to 
180” C. are*cftljected separately. 

The total distillate at 180“ (k gives the percentage of criid(! benzol in the 
oil, the three fractions being collected separately, in order to be able to form 
an idea of the quality of the benzol. 

Total Sulphur in Benzol, Toluol, etc. — (u.) fl'he following nudhod^ 
has been tried by the author and found to give very satisfactory results. The 
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benzol or toluol is weighed into a tared flask (fig. 47), and evap(ga»ted by 
drawing air tlirough it, the benzolised air passing through the silica tube 
heated to redness at two jioints, to ensure complete combustion. The 
products of combustion arc passed through a soluttfin of pure sodium hydrate, 
contained^in wash bcjttles. A little l^romine or hydrogen peroxide is added 
to facilitate oxidation, tjje solution acidilied with hydrochloric acid and filtered, 
the sulphur being precipitated as barium sulphate. • 

(i.) *Hewett’s modification of the Rolanjd Wild fuel Calorimeter (fig. 18) 
can be used successfully for thjs eb^imation. The body of the crucible^is of 
nickel, to which the thread is firmly soldered. The lid is turned to a loose fit, ^ 
to allow of eas/ removal, the tighti^sif of the joint* depending upon the 
smooth surfaces and the paper washer. Thcf cruciblS lid ftirms one pefle and 
the pillar the oth^r,* the latter bcii]^ insula^lad by a mic** jvashor and st small 
rubber sheath between the nuts. * 

Tljp estimation is itarried out as follows :-;j-20 grams of sodium peroxide 
is separately weighed out. The crucible is then* .tared and less than 1 gram 
of the material weighted in, preferabl}^^ from a small dropping tube. ^ The 

1 Gas World, Jan 1917. 
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sodium peroxide is then ‘added, and the wh61e quickly and thoroughly mixed, 
using for this purpose a piece of bent nickel wire. After tightly closing the 
crucible, the mixture is Cfed by passing a current from a suitable accumulator, 
and if necessary the crucible prevented from becoming red hot/by jmmersion 
in (bstillcd water. TJie crucible is then opened, and the contents thoroughly 
washeTT Ti'biO a beaker, oi; better still, ^the crucible itself is immersed. Rapid 



solution of the fused mass takes place. The crucible and lid are well washed, 
the washings being added tf) the contents of tin; beaker, which are made 
slightly acid with hydrochloric acid, this acid solution being filtered, boiled, 
and the sulphur jirecipitated with barium chloride in the usual manner. 

(c.) Another method.^ — A convenient quantity (0 7 - 1 5 grhms) of the 



substance is w^eighe5 Into a ^rnall jt^atinum crucible containing 3 to i grams 
of a ftiixture of fo‘ur parts of pu^limc to one of anhydrous sodium carbohate, 
and ifttimately mUed with it. •'rte crucible is then fillec^ with the mixture, 
covered with a small platinum di*sh, and inverted as shown (fig. 49), the 
dish being then also filled wiith the mixture. A^thick pad of asbtstos is 
placed over the crucible, iTnd the whole placed into g muffle' furnace and 
kep^ at a bright red heat for two liiours. The asbbstos is used to keep the 

^J.S.C.L, 15th Dticomber 1 905. 
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top of the crucible cool until the oxidising mixture iePhot, when it is removed, 
and the oils distil downwards, tlie sulphur compound's being oxidised and 
arrested. After cooling, the mixture is washed •iiato water, the sulpjiides 
oxidised witl? bromine and the solution then fdtercd, boiled, and the sulphur 
precipitated with barium chloride. 

Note . — With volatile liquids, the ^veighings should be carri^^TSit as 
quickly as possible, care being also taken to handle the base of the crucible 
as Ifttle as^ossib^e. ^ ^ ^ 

{d) The following method is also recovnmendcd : — Fit up the apparatus 
as shown (fig.«50), place in the lamp 80 c.c. imithylated spirits and 20 c.c. 



of the sample. Place round the la.mp lumps of sesciuicarbonate of ammonia. 
Cover the exit of P and the inlet (' witli distilled water, and start the suction. • 
When all is burnt, add to the lamp another 20 c.c. of methylated spirit and 
burn again until empty. Add the water from A and B together, and treat 
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as with file condeii^ings obtained iij the referee’s gas test. Also test the 
liquid in C, which shoi^ld be free from sulphur. 

(e) The ffjlowing method, by the author,^ is useful for lufavier oils such 
as naphthas, etc. 0*25 gram of the oiljs w^eighed on to of precipitated 

silica and intimately mixed witji grams of sodium peroxide, and 0-25 gram 
of potassium chlorate are then weighed out and mixed with the silica and ^ 
oil in a nickel crucible of about 40 (^c.* capacity, an(i Which is fitted with a 
lij into which three holes have been d^lfed as slfown (fig. 51). bito the 
two side holes fiife* glass tubes ar^fixed Ak which to ;miulate the w if es con- 
necting a resistance wire fitted inside ^s showiT (fig. 52). The orucible is 
plao^ in a dish i^nilled water, the level qf the water being J inch below 
the lid. A basin js inverted over the central, hole to prevent any of the 
mixture being los^ hf splitting. Th(/ combustion is then started, and only 

1 Gas World, 20th January 1917. 
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requires a few seconds, after which the crucible is overturned into the water, 
and the whole boiled up. The solution is then filtered, acidified, and the 
sulplpir precipitated as h^fv)rc. , 


Platinum 

Basin 
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The Flash-point of Spirits and Oils. — Oils sent by rail arc classed 
under three heads, according to their fiash-point, for which different rates 
are charged. 

The flasli-point of a spirit or oil is the empirical temperature at which it 
gives oti' sufticieiit vapour to ignite momentarily on the introduction of a 
flam^ or spark, when the oil is heated at a given rate, in an apparatus of 
given construction and dimensions, and a defined igniting agent is i.pplied in 
a given manner. 

The legally recognised method of deterifcining the flash-point of an oil 
in the United Kingdom is that designed by Sir Frederick Abel and embodied 
in the Petroleum Act of 1879. v 

The V inanipulation of the Abel Tester (fig. 53) is there set forth as 
follows : — 

“ Pktuoleum cAct, 1879 (42 and 43 Viet. C. 47). 

« t 

“ Mbde of fesfinc/ Petrolmm so as io ascertain tile teinperatures at which it will 
f‘ive off inffwinuihle vapour. 

“ The test Apparatus should be^fladed for use in a position whore it is not 
etpos^d to currents of air or draughts. * 

“ The heating vessi'l^or water bath is filled by pouring wateT into the funnel 
until iU begins to flew outf at tRe fqiout oY the vessel. » 

“ Tl|e temperature of the watpj^at the commencement the test is to be 
130° F., and this is* attained in the^ first instance either by mixing hot or 
cold water in the bath, or in a vessel from which the bath is filled, unty the 
thermometer which is providecl for testing the tenfperature of ‘the water 
gives the proper indication; or by halting the water^wflli the spirit lamp 
(whiclF is attached to the stand of the apparatus) until .the required 
temperature is indicated. 
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“ W'lien a test has boei? completed, this wa*tcr-bath is again raised to 130“ by 
placing the lamp underneath, and the result is readily obtained whd^ the 
petroleum cup is being Auptiod, cooled, and*, relillcd with a fresh sample to 
bo tested. The lamp is then turned on its swivel from under Ufc apparatus 
and bfc.e^xt is proceeded with. 

“ llie^st-lamp is prepared for use; by fitting it with a piece of flat-plaited 
candle-wick, and filling it up with colza or rape oil up to the lower edge of the 
opening of the spout or wick table. * . * * • * * 

“ The lamp is trimmed so that when lighted it gives a flame of about 
0*15 of an inch diameter;' and this size of flame, which Ls represented 
by the projecting white Icac^ on the cover of the oil-cup, is readily main- 
tained by simple manipulation from time to time with a small wire 
trimmer. 

“ When gas is available it may be conveniei^ly used in place of the little 
oil-lamp, and for this purpose a test-flame arrangement for use with gas has 
been devised, which may be substituted for the lamp. • 

“ The bath liaving %been raised to the proper temperature, the oil to be 
tested is introduced into the petroleum cup, being poured in slowly until the 
level of the liquid just reaches the point of the gauge which is fixed in 
the cup. 

“ In warm weather the temperature of the room in which the samples to 
be tested have been kept should be observed in the first instance, and if it 
exceeds 65“ F. the samples to be tested should be cooled dowju (to about 
60“ F.) by immersing the bottles containing them in cold water, or by any 
other convenient method. 

“The lid of the cup, with the slide closed, is then put on, and t]ie cup is 
placed into the bath or heating vessel. The thermometer in the lid of the 
cup'has been adjusted so as to have its bulb just immersed in the liquid, and 
its position is not under any circnmstjinces to be altered. • 

“When the cup has been placed in a proper position, the scale of the 
thermometer faces the operator. • 

“ The test-lamp is then placed in position upon the lid of the cup ; the lead 
line or pendulum, which has been fixed m a convenient position in front of 
the op*emtor, is set in motion and the rise of the thermometer^ in the 
petroleum cup is watched. 

“ When the temperature has reached about«G6" F. the operation of testing 
is to be commenced, the test-flame being applied once for every rise of one 
degree in the following manner : — 

“ The slid»is slowdy drawn open while the penduhftu performs three oscilla- 
tions, and is closed during the fourth oscillation. 

Yote . — If it is desired to employ tffo t#?t apparatus to determine the 
flashing point of th%(^ls of very lo\^ volatility, the mode of*proceeding is to 
be m(*dilied as folk)ws 

“The air chaiij) 0 r which suefounds yie cup is tilled ^vith cold water to a 
depth of IJ inches and the* heating*vcssel or water bath is filled as usual, but 
also with cold water. The lauip is then placed under ^he apparatus a^l kept 
there during the entire operation. If a heavy oil*is being deUlt with, the 
opeii^tion may be commenced withVvater previously heated to 120“ instead 
of with cold water.” 
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ANALYSIS OF CRUDE BENZOL 

Reco^ertd either from Gas by ScruhbiiKf or from Tar by Distillation. 

(According; to Coliiuin and Yooiiiaii, in a paj)or before the Lond<.‘»Y ‘kiection 
of the Soeicty of C!heniieal Indfistry.)^ 

Preliminary Distillation. — ok;, of the sample is directl}' distilled, 
* using a Young Ilf bud) ])ear eoluinn, and tl^e distillate to 200“ C. collected. 


PuUIFlCATION OF THE DiSTILLAVE TO 200“ C. 

In order to purify the distillate, not less than 200 c.c., and preferably at 
least 250 c.c., is shaken withtfHie-quarter of its volunufof 10 j^ercent. aqueous 
caustic sod^>„allo\ved to settle, the caustic layer run off, and the oil washed 
with water, wl/ich is also rnn off, and the volume of residual oil measured. 
The loss of volume represents approximately the vol ime of tar-acids in the 
volume of oil taken. 

After alkali washing, the remaining oil is shaken for 5 minutes with 8 per 
cent, of its volume of concentrated sulphuric acid and allowed to settle for 
15 minutes. 

In the process of shaking with concentrated sulphuric acid, small 
quantities oi aromatic hydrocarbons are absorbed in addition to olefines, so 
that the percentages of the former subseijuently found are always rather lower 
than the quantity present in the original material. As, however, in practice, 
the products have also always to be washed with concentrated sulphuiic 
acid, the results obtained for the percentages of aromatic hydrocarbons truly 
represent the maximum quantities of these which could be obtained, provided 
that the washing to which they are subjected on rhe small scale is mot more 
severe than that which they receive in large scale practice to remove the 
nnsaturated compounds. The quantity of acid given above, namely, 8 per 
cent, of 95 per cent, acid with 5 minutes’ shaking, has l^een found to effect 
a satisfactory removal of the unsatflrated compounds with all samples tried, 
and not to caiise extensive absor|^)tion of aromatic hydi^arbons, und such 
absorption of these as does take place chiefly affects the xylenes, which are 
more readily attacked by sulphuric acid than is toluene, whilst benzene is 
still less affected. 

Satisfifctory washing can b« olitazncd with many samples by the ust^ of 
less than 8 pei. cent, of ^uulphuric acid, but it is not an easy matter to judge, 
except liy trikl how far this can be reduced, and the use of flie full 8 per 
cent, does not apiiear to cause undue renewal of the benzene, and toluene in 
any case, if shaking is not prol«ngefi for more than the specified 5 minute's. « 

The strength of acid used should closely approximate to 95 per cent. 
Il2i804. Water is tlion carefully added' down* the of the separating 
' funnel, so that it floats on the top of tl^ acid layer, which thus becomes 
visible. With soihe oils the darke»ing oy sh!ikin^ with^atid is so greift that 
the boundary between the two layers can only be perceived with great 
difficuky ur^til wpt'w iff ^dded in this manner. •The acid layer is then run off, 
and the oil washed oy allowing a thin straim of water to fall through it without 
shaking. After ronniug off the water, Che oil is shaken successively with 10 

1 31st March 1919. 


6 



82 


COKE-OVEN AND BY-Pr6dUCT W©BK8 CHEMISTRY. 

, , f t 

per cent, aqueous .caustic soda, and finally 'with water, only gentle shaking 
being cuiploj^ed, so as to avoid, as far as possible, the formation of emulsions. 

Tjie ditlereucc between the volume now remaining after complete 
separation of water and the volume remaining after washing with alkali gives 
an approximate indication of the volume of unsaturated hydrocarbons 
(chietljKrk'lines) which lu^pe been absorbed by the sulphuric acid. 

in addition to the olefines, other unsaturated hydrocarbons are present 
(dienes, etc.) which are not absorbed by the sulphuric acid, but irif its 
presence chiefly undei'go polymerisation, yielding high-boiling hydrocarbons ^ 
of unknown constitution, bailing mainly from 300“ to 400° 0.,, which remain 
dissolved in the oil, the olefines also yielding polymerised hydrocarbons to 
some extent. The actual amount of such condensable hydrocarbons varies 
greatly, and is much higher in products derived from the carbonisation of 
petroleum products tlgin in those obtained from coal. An approximate 
estimation of the quantity of these is obtained from the volume of the residue 
left at 200° on refractioriating the washed oil. 

This oil, after freeing from water as completely as possible, is again 
distilled from a round- bottomed flask fitted with a Young 12-lmlb pear 
column, at the rate of 4 c.c. per minute, and separated into fractions. The 
method of collecting the fractions is varied somewhat according to the 
com})()sition of the washed oil. 

(1) Where not less than 50 percent, of the washed oil distils under these 
conditions below 00’ C., the fractions are directly collected as follows : — 

(a) Up to 90°, this fraction then containing only benzene and toluene, 
together with carbon bisulphide, and jiaraflins of similar boiling point. 

{/)) 90°-l 10’, this fraction consisting of benzene, toluene, and xylene, 
exce})! for paraffins of similar boiling point. 

(c) 140° -160°, consisting of xylenes, cumenes, etc., with paraffins. 

(</) 160° -200°, consisting of higher homologucs of benzene, iwith some 
paraflins. 

(t) Residue at 200°, consisting chiefly .f the polymerised hydrocarbons 
formed by the action of sulphuric acid on the dienes, etc., in the original oil. 

(f2) If the amount boiling below 90° i,s less than 50 per cent., as is often 
the case with crude naphtha from coal-tar, some xylene may also distil over 
with benzene and toluene below 90°. AVIiere the distillate up to 90° does 
not amount to 50 per cent, thend'oro, the first f,vaction is collected up to 95°, 
and tlie second fraction friiin 95° to 140°, and the remainder of the fractiona- 
tion made as in (1). The fraction up to 95° is then refractionateJ, and the 
distillate up to 90° collected. ‘The residue at 90°, contains all the xylene 
and is then abided to the fraction 95"--] 40°, the combined amounts forming 
the fraction 90°-140°. 

13) When the proportion of xylene an^ higher-boiling constituents is low, 
k is often not possible to contintie the dimllation up to 140°, owing to 
vapours in the latei* ctage all condensing in the fractionafing column. In 
such cases, xylene is adbed bo t'he residue after the fraction up to 90° t has 
been collected, and ^tho distilhi,tibn then, continued to 1*4P°. In that case 
tho dotorraination of the 'fractions 140'^160° and 160‘-200‘, and residue 
at 200° is omitted, or, if reqinred, a larger quantity of the original must 
be taken. The xylene mi^st not be added before Yhe fraction "up to 90° is 
collected, as otherwise xylene would y;ome over with 4hat fraction and would 
couiA ill the analysis as toluoue. 

Sometimes the oil after washing with sulphuric acid,t caustic jwda, and 
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then with water, forms a very })er8istent emulsions with the latter, which is 
only* separated with great difficulty. In such cjises, the emulsion may be 
steam distilled, when the polymerised unsatufjyt^ed hydrocarbons j'emain 
behind, the* distillation being continued until the volume of condensed water 
approximately equals half the volume of spirit condensed. The difference 
between the volume of the steam distidate obtained after separatioiTof water 
and volume of oil after acid washing gives an approximate figure of the 
totiil unsaturated hydrocarbons pi*tsenf^ i.e. the combined amount, of olefines 
and polymeriserf hydrocarbons. In the subsequent fractionation of the steam 
distilled oil this is stopped at 160", and the ¥csiduc at IGO" taken as the 
fraction 160“-200". Some loss of the lower-boiling constituents, especially of 
benzene, is, however, difficult to avoid when strain distillation is carried out. 


Determination of Benzene, I'oluene, and aylenk in the Fractions “up to 

90 “ ” “ 96 ’*- 140 °,” AND IN (Commercial Benzol and Commercial Toluol. 

Before those methods can be adopted it is necessary that the samples 
shall be freed as completely as possible from unsaturated hydrocarbons and 
phenols. This is tlie case when the fractions have been properly washed 
with sulphuric acid and caustic soda as dcscrd)od, but in the case of 
commercial benzol and toluol this may not be the case. 

The ordinary method of ascertaining whether such products are 
sufficiently free from unsaturated hydrocarbons consists in shaking 90 c.c. 
of the sample with 10 c.c. of sulphuric acid of 90 per cent strength, and 
judging from the coloration of the acid lajmr whether these have been * 
sufficiently washed, this not being the case if the coloration exceeds a deep 
yellow or light brown colour. This test, although useful as a quick tesjt for 
works control purposes, is far from satisfactoiy as a reasonably accurate 
method for giving a comparative indication of the amount of unsaturated 
compounds present, and is by* no means certain in its indications — some 
samples which are in reality well washed giving a bad discoloration, whilst 
others, in reality badly washed, may only give a slight discoloratioif, A 
much more satisfactory test, whioii is quickly carried out and give^^a relative 
quantitative indication of the projHirtion of unsaturated hydrocarbons present, 
is the determination of the (quantity of oxygen the sample will absorb from 
an acid solution of potassium permanganate, at#the ordinary temperature. 
This tcst«is carried <sut as follows • 

80 c.c. of water anj 10 c c. of dilute sidphuric acid (made by adding 1 
part by weight of concentrated sulphuric acid to 3 parts by weight of water) 
are plafed in a stoppered bottle of about 300 c.c. capacity, 10 c.c. of the 
commercial spirit to be examinc^l addetf, and the whole shaken, Tl^e. 
temperature of the liquid should be between 15" and 20° C. 50 c.c. of ^/lO 
potassium permanganate is then added,* and the whoki^shaken continuously 
for*exactly 3 minutes ; if at the end of the fifst fialf rninutff the permail^anato 
solution is markedly decolorised, a^furthcr 50 c.c. of N/^O permangapnate is 
added, and the shaking then continued fi^ a furtlfer 2i minutes. The excess 
of per^ianganate is th(#n destroyed by the addition of 10 c.c. of a 10 per cent, 
potassium iodide ....utiSn, with vigorous shaking. The resulting solution 
containing iodide is’ then titrated witl|N/10 sodium thiosulphate sol^ion, 
shaking well between each addition, until both layers in the bottle become 
colourleft«. The (vid-point of the titration is sharply indicated by the final 



84 


C(1kE-0VEN AND BY-PBo\)UCT WORKS- CHEMISTRY. 

» ♦ ' ' 

disappearance of the violet colour from the Spirit layer, and there is no need 
to add starch as indicator unless the original spirit was coloured. ‘The 
number of c.c. of thiosulphate solution required for the titration is deducted 
from the volume of permanganate solution taken, the difference^ giying the 
number of c.c. of decinormal permanganate solution reduced by 10 c.c. of the 
sample under the above, conditions, ;ind this figure gives a comparative 
indication of the extent to which the sample contains oxidisable impurities. 

If the number of c.c. of permaiigan'ZiIe Ablution reduced by 10 otc. of «the 
sample is multiplied by 0 008 (1 c.c, N/10 KMn()^= 0*00(58 gram oxygen) the * 
resulting figure gives the number of grams of oxygen absorbed from 
permanganate by 100 c.c. of the spirit. 

Well-washed samples show the reduction of from 1 to 10 c.c. of 
permanganate for 10 c.c., or 0*008 to 0*08 gram oxygen absorbed per 100 c.c., 
but others give much higher figures owing to insufficient washing: 

A completely unwashed spirit may also be tested in a similar manner to 
ascertain approximately the amount of washing it reipiires. Ki such cases, 

10 c.c. of the sample is (iduted with pure, well-washed, benzene to 100 c.c., 
and 10 c.c. of the diluted spirit taken for the test. 

Any insufficiently washed commei*cial benzol or toluol, i.e. any sample 
giving a higher oxygen absorption than 0*1} gram per 100 c.c. should be 
subjected to further acid- washing before testing. For this puqiose a volume 
of 150-250 c.c. of tfie sample is shaken with 2 per cent, of 95 per cent, 
sulphuric acid, if the oxygen absorption is about 0*2 gram per, 100 c.c. an 
additional 1 per cent, of sulphuric acid being used for each additional 0*1 
gram of oxygen absorption. After removal of the acid layer and washing 
with water, aqueous caustic soda, and again with water as previously described, 
the washed spirit is transferred to a round-bottomed flask, fitted with a glass 
tube- for the introduction of steam and connected to a condenser, and distilled 
without introduction of steam until about two-thirds has distiHcd over : 
steam is then carefully blown through the liquid until about 50 c.c. of water 
has condensed for each 100 c.c. of the sampl4' taken. The difference between 
the volume of spirit in the distillate and the volume originally taken gives 
the fbss due to acid washing, the percentage of which is calculated and 
allowed' for in determining the percentages of aromatic hydroqarbons in tlie 
original insufficiently washed sample. 

Analysis of Fractions “up to 90" ” and “90''-140\’’ 

< i n 

The percentage of benzene and toluene in the frj--ction up to 90“, and of 
benzene, toluei?c, and xylene in the fraction 90°-140'', may be determined with 
considerable accuraty by distilliqg t^iese under specified conditions *from a 
•sjmpje distillation flask of standard dimensipns, and a comparison of the 
; volume of the fractions obtained bcfween fixed temperature limits with those 
obtained by distilling mixtures of ki?ovn volumes of the pure hydrocarbons 
in the*same appariltus and undef the same conditions. " 

The apparatus^ required for the purpose consists dfr- (1) A standard 
Engler 100 c.c. distillatioi! flask, as employed in the petroleum industry, 
having the following dimensioui^ ; internal diameter of IaiII), 6*5 cm. ; length of 
neck, 15*0cms. : internal dia/heter of neck, 1*6 cms. ; vertical lieighfof side tube 
aboi^^ surface of lujuid when flask is charged with lOO^c.c., 9*0 cms. ; angle of 
side tube, 75 0°. Flasks wdiich do not vary more tlian 3 per •cent, from any 
of those dimensions may be employed. 
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^2) An efficient water-cooleS condenser. — Thi5 is preferably a* 10-inch 
Liebig condenser placed vertically, the connection with the flask being made 
by an adapter or by having thft side tube of the ffiask sufficiently lo»g, and 
bendingkit "to fit the upper end of the condenser. The condenser used must 
in any case be of a form which drains quickly and as completely as possible. 

(3) A set of calibrated graduated oylinders (50«and 100 c.c.). 

(4) An accurate thermometer, which is fixed in the distillation flask with 

th§ top t)f the^ bolb just below \he. "bottom of the side tube.* With the 
above dimensions of the flask, the length of stem below the cork is then 
about 100 mm. * 

The accuracy of the determinations probably depends more on the 
correct reading of the thermometer than on any other single point. The 
thermometer used sliould preferably have a bulb of moderate size, and should 
be graduated in C. over range of at least 70" to t30" ; the 80“ graduation 
mark shoi^l(J be about 140 mm. from the bottom of the bulb, so that when the 
thermometer" is fixed in the flask in the correct position this point is well 
above tlie top of tlio cork. 

Calibration of the Thermometer. — Tim thermometer should be 
graduated with an immersion of 100 mm. (this being the extent to which the 
stcju is heated by the vapours under the conditions of the test), and then 
no correction is necessary f(jr tlie length of the mercury column not heated 
by the vapour. Previous to use, it should be verified, or the corrections 
ascertainccl, for the temperatures 80", 85", 90", 100°, 105", and IIG”, with 
100 mm. immersion. In order to avoid mistakes in reading the thermo- 
meter it is convenient to put a distinctive mark on it at the actual graduation 
found to correspond on that thermometer to the corrected temperatures 
80“, 85", 90“, 100", 105", and 116“, Nat. Ths. Lab. standard. 

Correction for Barometer. — Before making a test the reading erf the 
baromete? in millimetres (corrected to 0" C ) is taken, and the barometer 
correction ascertained from the usual formula — barom. corrn. - 0’00012 
(760-p) (273 -1-^), where p th? height of the barometer in mm. corrected to 
0" C. and the boiling point. The magnitude of the correction increases 
with increasing boiling point, but Within the range of 80“ to 120" the follow- 
ing table of corrections for barometric pressures from 772 to 72(^mm. is of 
sufficient accuracy • — 


p. 

Con . 

P. 

Corr. 

P. 

('on\ 

7*72 

0-55 

754, 

-^0-30 

736 

•-f ITO 

770 

- 0^i5 

752 

-1-0-35 

734 

■f 1T5 

768 

- 0-35 

750 

-I-0-45 

732 

-hl-25 

766 

- ()-3() 

748' 

-^^0-55 

750 

-f 1-35 

764 

- 0-20 

7i6 

-hO-65 

728 

-Pi -45 

762 

-0*10 

744 

-f- 0-75 

726 

+ 1 50 

760 

0-00 

742 

+0-85 


-pl-60 

758 

+ 0-10 

740 

^0*90 

722* 

-f-L70 

756 

•-tO-20 

7;i8 

-t 1*^00 

(i2a 

-Pl-80' 


Af thermometer which has been calihraU^d with the stem completely 
immersed may ai^.- oe used for the t(^t, but iL that case the correction for 
unheated mercury column must bo -fnade in addition to the baropreter 
correction, in accordance with the usual formula: stem corrcctTon = 0*000143 
(T-«°)N, where Ti - the observed boiling point, f the temperature of the 
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air around the uiihcated portion of the stem, and N the length of the 
ornorgont mercury column, expressed in scale degrees.^ 

Before using a thermornetcr for the test, a' few blank tests should be made 
with it, using mixtures made up of known amounts of pure benzene and 
toluene, and of pure benzene, toluene, and xylene, in order to ascertain that 
the results obtained with the thermometer are substantially correct. It has 
been found in one or two cases that certain thermometers although quite 
corjectly grackiatcd, do not give correct results, as they . have a pronounced 
lag. The cause of this has not been dehnitely ascertained, but appears to be 
due to the nature of the glass used in the manufacture of the thermometer. 
It is also advisable to carry put periodically similar blank tests on known 
mixtures with any thermometer in use for the analysis, to make sure that the 
readings given have not undergone change since its verification. 

Method of Distillation. —In carrying on Mhe distillation, a measured 
volume of the li(juid to be tested is distilled from the Kngler flask ?t the rate 
of about 7 c.c. per minute. A slightly higher rate has no material effect 
on the results, bnt if tlu^ rate falls much below 7 c.c. ap])reciably increased 
fractional condensation takes place in the top and neck of the distilling flask, 
and may cause incori'cct results. The flask is heated by means of a small 
bunsen flame impinging directly on the bottom of the flask, the distillation 
being carried out at a spot as free from draught as practicable, a cylinder of 
fine wire gauze being also placed to surround the burner and flask up to 
the level of the top of the bulb of the flask. The distillates are cvollected in 
the graduated cylinders, and when the thcitnometer reaches the specified 
temperature, the flame is extinguished, tlu' condiuiser allowed to drain, and 
the volume of the distillate measured. 

Measuuement ov Volumes and Deteiimi. nation ok Sj'eoifio GiiAviTY. 

The specific gravities employed in the. determinations are, through- 
out, those of the li(piids at compared with water at 15’5°C., 

and 1^11 volumes given are those of the Ikjuids at 15 5“ 0. To correct the 
observed specific gravity at any other temperature to that Ib'D"', in the case 
of spirits, 0 f)()09 is added for each TO. the observed temperature is above 
15'5°, or deducted for each Vd below that temperature. In the case of tar or 
products consisting chiefly of high-boiling oils, the factor used is 0'0007. 

Fraction up to 1)0 ” aild Commercial Benzol . — When mixtures of benzene 
and toluene are distilled from a distillation flasl: under the specified conditions, 
the percentage^ of distillate at any given temperature^is constant, and if the 
volume of distillate from 100 c.c. of the mixture to any tpriipen^ture is 
determined for a definite rate and fo«; a definite size of fractionating flask, 
•tkeniwith an unknown mixture of benfcenciand toluene the percentages 
•’of benzene and toluepe can be found liy comparing the volupio of distillate 
obtained under the^ saincb conc^itiyns witli that found in the case of mixtures 
containing known amounts of the t ^)’0 constituents." 

The* results obtained wiyi puVe qiixturt/s of benzene and' toluene are most 
conveniently plotted out in the form of a graph, temperatures suitable for the 
collection of the distillate being 85^" corr. for mixturct> containing yp to S5 per 
cent, of toluene, and 90" c6rr. for iH^ixturcs containing *from 20 to 40 per 

^ Tables for ttie A ahie of this correction are given in Young’s Fraciwial JHdillation 
(Macmillan & (’o.), j». 1.3, .and a giajh for the purjwse by Wheeler (/ 191C, , 1 1^8). 

2 James, a/., 1916, 236. ^ 
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cent, of toluene. The percentages of toluene are plotted as ordinates, and 
the percentages of distillate as abscissa). . In compiling (Irapli 1 the following 


mixtures were employed 




Up to 86" 

corr. 

Up to 90' 

corr. 

Bfiizono. 

Toluene. 

r>enzcne. 

1 olnciie. 

c.c. 

c.c. 

c.c. 

c c. 

• 97 

3 

80 

20 

94 

6 

75 

25 

90 

10 

70* 

30 

85 

15 

65 

35 

80 

20 

GO 

10 

75 

25 

55 

45 


In the case of the fractio^ “ up to 90“ ” or of any niixtiires of benzene and 
toluene oiity^ jiot containing more than 45 per cent, of the latter, 100 c.c. (or 
less if the quantity available is insufficient) is distilled from the Kngler flask 
under the same conditions, and the percentage of distillate to 85" corr. or 90“ 
corr. ascertained. From (Iraph 1 the percentage of toluene is read otV corre- 
sponding to the percentage of distillate found, that of benzene being found 
by difference. 

Carbon Bisulphide, and Paraffins.— When these impurities are 
absent, the reading olitaincd from the graph gives directly the percentages 
of benzene* and toluene in the sample. The percentages of the above 
impurities, when present, can be ascertained, together with the necessary 
correction in the amounts of benzene and toluene, from a determination of 
the specific gravity of the fraction or sample before and after removal of 
carbon bisulphide from it. 

CarbQn bisulphide. — To carry out this determination, the specific 
gravity of the sample is taken by any method giving results accurate -to the 
third place of decimals. A further 100 c.c. (or the combined distillate to 85’ 
or 90“ and the residue from the distillation test) is then mixed with 100 c.c. 
of alcohol or industrial methylatjid spirit (free from paraffins), 5 ^rams 
of roughly powdered caustic soda added, and the whole shaken ior five 
minutes. 200 c.c. of water is then added, with renewed shakiftg ; after 
settling, the lower aqueous flayer is run olT, and the spirit washed twice 
with successive quantities of 25 c c, of water anc^ dried with ignited calcium 
chloride.* The specffic gravity of the dried spirit is then taken ^accurately to 
the third decimal place. * . • 

From tliQ specific gravity of the spirit, before and after rei^oval of carbon 
bisulphide, tlfb percentage of carbon bisulphide present may be calculated,^ 
on the assumption that the specific gfavit^ of carbon bisulphide is F27, and 
that no expansion or contraction occurs on mixing the latter with benzene #r* 
mixtures of be.izene and toluene, for t^ien if a is s^e^jific gravity of spirit 
af^r removal, and b the specific gravity iMjfofe reAovaUof CS^, and, x the 
percentuge by vo|u(iiio of CS 2 , 

1 •27a + (100 - (I = 1006, or /= 100 X |6 - a) H- (1 -27 - a). 

In fact,'howe> , assumption that no expansion or contraction occurs 
on mixing carbon bisulphide with benzene or mixtures of benzene and to]^0me 

^ See Nickels, Allen’s Comm. Org. Anahjsis,\o\. ii., part 2, p. 183 : Spielmaim, J.ii C.l . 
1916 , m. 
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is incorrect, as appreciable expansion does "occur, ^ and the observed specific 
gravity of mixtures of benzene or of benzene + toluene with carbon bisulphide 
in knpwn proportions, isnfsvays lower than that calculated from the percent- 
age of the components and their si)ecific gravity by a definite ambupt, A', and 
to obtain the percentage of carbon bisulphide by volume corrected for this 
expansion, the value, <'>+,/*, must be , substituted for b in the above formula, 
which then becomes 

^ = 1 00 X { (/!> +'A-) - b} -f (1 -27 ~ a). , 

The value of Jc varies with dilferent proportions of carbon bisulphide and 
also slightly with difiercnces in the proportion of toluene present, but an 
average figure for this value' for pcrcc'utages of carbon bisulphide up to 5 
per cent, may lie taken without material (UTor as follows; — 

l\ 

0-0010 ' 

0-0015 
0-0020 
0-0024 
0-0027 

(Iraph 2 has been compiled to enable the direct reading oil’ of the percent- 
age of CS 2 in the sample from the s[»ecific gravity befon^ and after removal 
of CS.,, the correction for expansion being made in sotting out" the graph. 
The lower line of ordinates giv(^s the observed specific gravity before CSg 
removal, and the abscissie the obs(‘rved specific gravity after CS.^ removal, the 
percentage of (JS^ being read ofTfrom these on the broken black lines marked 
0-5 per cent, of CS., 

Paraffins. — In a similar manner the percentage of paraffins present 
may bo calculated from the observed specific gravity of the sample after 
removal of CS 2 , and the specific gravity , which a sample containing the 
percentage of toluene found would have if paralfins were absent. As no 
material expansion occurs on mixing benzene and toluene at any rate with 
the amounts of the latter found in the fraction “up to 90°, ” or in commercial 
benzol, this last figure may be directly calculated with sufficient accuracy 
from the percentage of benzene and toluene found by the distillation to 85° 
or 90°. 

Expansion does, however, occur on mixing paraffiijs with bq^zene or 
mixtures of benzene and toluene, and correction must be made on this 
account in tlv^' case of paraffins as well as with 6 S. 2 , and the necessary 
formula becomes . — percentage by volume of paraffins in CSj**- freouspirit 

= 100 X {(u-[-F) 

where a is observed^ specific gfravity^akter CS^ removal, r the* specific gravity 
of pai^atiin-froe bebzene-tolucne mjxturc calculated from the distillation" to 
85°, p l^he specific gnavity of paralfins, and«^4 the correction ‘for expansion. 

The exact specific gravity of the paralfins present is unknown, but it has 
been found by isolation of tl*QU' from these products, that this may be Oaken 
without material error .as 0'7.‘10 in this fraction up to 90^°, or in commercial 
beTJicl. The. value of also varies considerably acco^ling to the percentage 


Per cent 
1 
2 

4 

5 


' See F. D. Brown, /. Chem. Soc., 1879, 35, 552 ; 1881, 3.9, 205. 
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of paraffins present (the expausftm being much greater on^tho addition of the 
firsts per cent, than for any succeeding 1 per cent.), and also sligiitlj with the 
percentage of toluene in the mi^iture, but for pra(Ai«al purposejj, the following 
values oj P may be taken : — 


Paraffins per cent. 
1 
5 

10^ 

15 

20 


0-0017 
0-0021 
0-0025 • 
0-0029 
0*0035 


From the observed specific gravity of the sample after removal of CS 2 


* 

% Toluenl 



GiiAPii 2. — Peicentagc of CS 2 and I^rafilns in Fraction “up to 90° ” and in Comm. Wenz(fL^ 


and the percentage of toluene fouinr by Gi-ajA 1 iTncornccted for paraffins, 
the percentage 0 ^ paraffins in the sample^af^er removaj of CS^ may be read 
directly from (Iraph 2. The upper line Of ordinaies gives*tho “uncorrected” 
percentage of tohiene found, and the abscissae the observed specific gravity of 
the sample*freod . ' ui the percentage or paraffins being read off from 
these on the full bhfck^lines marked 0-25 per cent, of paraffins. 

The percentage of paraffins thus found is that in the sample Mter removal 
of CSg,#and to, o],^tain the true percentage of the paraffins in the original 


SP Gr after C^2 removal 
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sample 'this figure^' must Ue multiplied by lOO-C, and divided by 100 where 
C is the percentage of CS^ found in the sample. 

, The percentages of benzene and toluerte found by Graph J are those 
which would be the case if no carbon bisulphide and paraffin wer& present. 
The total number of volumes of benzene + toluene present in 100 volumes is 
lOO-C-P, where C and V are the peu'jcntagcs found of these two impurities. 
In the distillation to 85" or 90° carbon bisulphide behaves as though it wore 
benzene, and. if paraffins are absent*' but*CS 2 present, tU'^ result obtained* by 
Graph 1 gives the true percentage of toluene correctly, and the true benzene 
figure is lOO-C-T where T i^f the percentage of toluene found. 

Whether the paraffins, when present, are of such boiling point that they 
are proportionately divided between the ben/ene and toluene fractions is 
uncertain and probably variable with difTerent samples, but the evidence 
appears to show that thty arc in fact roughly pir:)portional, and that if this 
is assumed no material error results. , ^ 

Making this assumption when CS.^ and paraffins are presenP, the percent- 
ages of henzene and toluene may be calculated as follows : — 9'h(', total volume 
of benzene and toluene present is 100-C-P. Then if Id and arc the 
percentages of henzene and toluene found hy Graph 1 from the percentage 
distilling to 85'", and 11 and T the true percentages of ben/ene and toluene 
corrected for paraffins and carbon bisulphide present., 

B = (100-C--P) (Pd -G)-^(IOO-G), 

T = (100-C-P) Ti-r(lOO-C). 

' With most products from tar consisting chiefly of benzene, the percentage 
of paraffins and (JS^ present is comparatively small, that of carbon bisulphide 
being mostly from O^r) to 1*5 per cent., and that of paraffins not exceeding 
5~6 per cent, being in the majority of cases much less ; in such sj^mples the 
percentage of benzene and toluene corrected for these may be obtained with 
sufficient accuracy by a simpler calculatic^n, namely, by multiplying the 
percentages of those found hy Graph 1 liy 100 minus the combined percent- 
ages ni carbon bisul])hide and paraffins f^ound by Graph 2, and dividing by 
100, in ,which case 

B = X ( 1 00-C-P) 1 00, and 
T=:Tix(100-C-P)-f-10Q. 

With only such amounts of carbon bisulphide and paraffins prt^ient, the 
figui»es obtained by the shorter method difler duly by fractions of 1 per cent, 
from those fot.nd by the longer method, i.a. by an aniount whiph is smaller 
than the unavoidable experimental errors. The longer mdvhod "is only 
^necessary wdth products such as tile “lore-runnings” collected in large scale 
distillation previous to collecting “commercial*” benzol containing much 
and with products co^H^iining very hiid^ proportions of paraffins, such as are 
sometimes obtained frofri vei^ical retoft tars, or from the low temperatyro 
carbonisation of coal. ‘ i 

Commercial Benzol.*— Samples of (fommercial benzol may be analysed 
by the method given for the “ fraction up to 90" ” previously describe^, but 
in certain cases slight modificAtmns are advisable, nam«ly, if (1) thopercentage 
of^gluene present is less tban 3-4 per cent., and (2) ff the percentage of 
toluene is high. , 

* See Spielmanii and Butlerdones, J.S.C.I.f 1916, 9il,* 
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Where the percentage of toluenfe i« below 3-4 jJer cent., the method is 
slightly modified by distilling to 85° a mixture of ^)5 c.c. of the sample with 
5 c.c. of pii^e toluene. From Gfraph 1 the percerftage of toluene in •this 
mixture is read off from the percentage distilling to 85°, and this figure 
minus the 5 c.c. of toluene added, multiplied by 100 and divided by 95, 
gives the percentage of toluene in the original sample, the difference between 
this figure giving the percentage of benzene in the sample, if carbon 
ibisuH)hide ^d pajafi&ns are absent. The ‘corrections for these are ascertained 
as specified above. . ^ 

Where the percentage of toluene is higli, this* is mostly accompanied by 
small quantities of xylene, and in the test such xylene counts as an equal 
amount of toluene. For many purposes this is immaterial, and the results 
given by the test are correct if the figure given for toluene is recorded as 
“ toluene + xylene.” If it is •desired to ascertain the Separate percentages of 
toluene and»x^lcne, 500 c.c. of the sample is distilled with a Young 12-bulb 
pear column, the fraction “up to 90° ” anal)^scd as above, and the residue at 
90°, consisting of benzene, toluene, and xylene, analysid by the method given 
below for the “fraction 90°-140".” With a product such as the commercial 
50/90’s benzol, which always contains considerable amounts of xylene, this 
procedure is always advisable. 

Unwashed Benzol. -In some works it is the practice to fractionate 
the crude naphtha previous to washing with acid, etc., and then to subject 
the unwashed benzol and unwashed toluol separately to the washing process. 

To analyse such a sample of unwashed benzol it is washed with 8 per 
cent, of its volume of concentrated sulphuric acid, in the manner previously 
described. The washed spirit is transferred to a round-bottomed flask fitted 
with a tube for introducing steam, and distilled with steam as already 
described. The distillate after removal of water is anal 3 "sed by the method 
just dcscrified, due allowance being made for the loss on acid washijig in 
calculating the percentages of benzene, toluene, carbon bisulphide, and 
paraffins in the original unwash?d sample. 

Fraction 90°-140°C'. and Commercial Toluol , — The princijile upon which 
the determuiation of the percentage^ of benzene, toluene, and xylene in such 
samples is carried out is as follows: — When the distillation of mixtilres of 
these hydrocarbons in kiwwn proportions is carried out in the same apparatus 
and under the same condition? as described for the “fraction up to 90°,” it 
has been found that the percentage of the distillates obtained between fixed 
ranges of temperature is quite constfjit, •\i\d that if a graph Ife drawn ^up 
in which the percentages boiling below a fixed temperature ape plotted as 
ordinates^ni the percentages of residue at a high fixed temperature as 
abscissEe, the points on the graph corr^po»d to the known percentages of 
benzene and toluene in the mixture •lie on regular curves. From the resgiltSi 
obtained in a lajge number of distillations of mixtures containing varying' 
but known amounts of pure benzonef toluene, .and J^ylTne, and measuring 
(1) fhe percentage boiling up to 105° corr.^and (2) the residue deft at*116° 
corr.. Graph 3 ha» T^een plotted ia the ^laifner mentidln^, the contiViuous 
line curves giving the percentage of toluene and tffe broken line curves the 
percentage yf ben’^rn corresponding to the •jiercentages of distillate up 
to 105° and above iVj°. With a mixture of benzene, toluene, and xylene in 
unknown quantities, tiief percentages of distillate up to 105° corr, and abO'^e 
116° corr. are ascertained, and the percentages of benzene and tofuene present 
.may then be dirdetty read off on Graph 3 from the broken line curves and 
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full line curves respectively. The percenta'gc of xylene is found by difference. 
There seems no reason why a similar method should not be cmploJW for 
determining three sucoe^sivo members of- any homologous series provided 
that they do not form constant boiling mixtures and that their l)oiUng points 
are not too close together. 

Note . — In the method as origimdly published, the temperatures for the 
interruption of the distillation were taken as 105" and 117°, and for special 
reasons, which were only of a tcmpv)rary nature, the thermometev gradi<.ated 
with complete immersion of the stem, and an approximate correction for 
barometer and unheated stem employed. For several reasons it has been 
found better to employ a thermometer graduated with 100 mm. immersion 
to avoid the necessity of middng any correction for unheated stem, which 
makes slight alterations in the form of the graph, and in order to avoid con- 
fusion between the old and the new graphs tie* latter was drawn up for a 
different temperature interval. 

The method with the specified interru])tion points of 105° and 11G° only 
holds generally for saniples containing 50 *75 per cent, of toluene and for 
such as give at least 5 per cent, of distdlato up to 105° and 5 per cent, above 
116°. Samples which do not fall within these limits c.an, however, be readily 
analysed by the method by adding to them such known amounts of pure 
benzene, toluene, or xylene as bring the mixture within those limits, and dis- 
tilling the mixture under the standard conditions. From the percentages of 
benzene, toluene, and xylene found in the mixture, and from the known 
amounts of benzene, toluene, or xylene added to it, the percentages of the 
hydrocarbons in the original samples are readily (‘alcnlated. 

If in addition to xylene small quantities of cumenes or similar higher 
boiling aromatic hydrocarbons are present, the results obtained by the test 
aretunafiected, except in so far that the dilVorenco figure between 100 and the 
percentages of benzene plus toluene then gives the percentage of xylene plus 
higher boiling aromatic hydrocarbons instead of that of pure xylene. 

(larbon disulphide, if present in the san'iple in more than a small amount, 
renders the results less accurate, but it is never present in appreciable amount 
in the fraction 90' -140° prepared as dcrcribed. Commercial products, such 
as 50/90’s benzol, may contain more of this impurity, but such samples, as 
already mentioned, should first be distilled into a, fraction up to 90° and 
residue at 90°, and the two fractions analysed s..paratcly. 

Paraffins, when present, affect the results somewhat, but a correction for 
the error thus caused and an estimatiop of the percentage of paraffn present 
caii be ascertained from the specific gravity of the sample in the manner 
described later. 

Method of Dvstillation.-7-As^in the case of the fraction ‘‘up to 90°, ” 
“ 100 c.c. of the fraction 90°-140°’ is di^tUled from the standard Engler 
*^a8lc at the rate of about 7 c.c. per minute. When the thermometer shows a 
temperature of 105‘^c^rr. the distillation is stopped, the condenser allowed to 
draiif, and a fresh cylinder 'phtcej under the condenser. The distillation is 
then iontinued und^r the sanxe conditipns until the thermometer shows a 
temperature of Il6“ corr.‘, when the distillation is again interrupted. The 
residue, after cooling, is poured into a third cylinder, <ind the contents: of the 
three cylinders are measured at a temperature apprdxiinating to that of the 

c.c. taken for finalysis. The total volume of the three fractions up to 105", 
105°-116°, abd above 116°, should not amount to less than 99*5 c.c. 

In the absence of paraffins, the percentages of benzeue *and toltiene are 
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directl}’’ road off from the percenChges below 105“ and abo^ 116° by means 
of Gra^^h 3. 

If, as the result of the distillation, values for tht; fractions i^to 105° and 
above 116^ are obtained which give no value for benzene and toluene on Graph 
3, owing to the composition of the sample being such that it does not fall within 
the limits already specified, a further position of the s^imple is taken less than 
100 c.c. and made up to 100 c.c. witli a known amount of pure benzene, 
toliniue, or tLylenc. ^h^ quantities of tht^e which it is necessary, to add vary 
according to the composition of the ^ample, but witli a little practice it 
becomes very easy to estimate the amounts which should be added. The 
following are examples frequently met with : — 

(1) The percentage of the sample boiling eittier up to 105° or above 116° 
may be below 5 per cent. In tins case 90 c.c. of the sample is taken and 
mixed previous tb distillation^ wdth 10 c.c. of benzene, *if the distillate up to 
105° was below 5 per cent., or with 10 c.c. of xylene if the residue above 116° 
was below ? pot’ cent. Thus, if the first test showed less than 5 c.c. below 
105°, and a mixture of 90 c.c. of the sample with 10 c.c. of benzene gave 
10 c.c. to 105° and 21 c.c. above 116°, then from (Traph 3 the amount of 
benzene in the mixture is 15 per cent., and that of toluene 72 per cent. 
As 10 c c. of benzene was added, the 90 c.c. of the original sample contains 
15—10 — 5 c.c. of benzene and 72 c.c. of toluene, whence, in the original 
sample benzene - 5 » 100 -i- 90 - 5*5 per cent. ; toluene = 72 x 100 -r 90 = 80’0 
per cent. ; xylene = 100 — 5*5 - 80 = 14*5 per cent. 

(2) Tlie percentage boiling both below 105 ' and above 116° may be below 
5 per cent In this case 80 c.c. of the sample may be mixed with 10 c.c. of 
benzene and 10 c.c. of xylene, or if the percentage of toluene is very high, 
75 c.c. of the sample is mixed with 15 c.c. of benzene and 10 c.c. of xylene. 
The percentage of benzene found in the mixture, less the quantity of benzene 
added, am^ tliat of toluene found (without deduction) multiplied bj the 
number of c.c. of original spirit taken and divided by 100, then gives the 
percentages of benzene and tolueift in the original, that of xylene being found 
by difference. 

(3) The percentage boiling above*! 16° maybe so high that no reading*can 
be obtained oi^ the graph. With this class, 80 c.c. is mixed with ^ifVc.c. of 
benzene and the mixturg analyseck, the percentages of benzene, toluene, and 
xylene in the original sample4)eing calculated in a similar manner. 

(4) The percentage boiling below 105° may ba so high that no reading 
can be olftained on*the graph. ^ In such cases, which include samples with 
rather high percentages^f lienzene, and in maAy cases the fraction “ 90°-140 ” 
obtained as specified above, 80 c.c. of the sample is mixed with 20 c.c. of 
toluene. *Wliere the percentage of benz^ie ii;^ very high, t^ie mixture of 80 c.c. 
with 20 c.c. of toluene may still corytain below 50 per cent, of toluene. This 
rarely occurs with the fraction 9U°-140° obtained as specified, but may happen*, 
with products siTcli as 50/90’s commc^;citl benzols. ^ fuch cases a smaller 
volifme of the original and a larger amoun^ of toluene may*be taken, biTt the 
smaller tlie propoitiCiii of the origiijg,! taken •tlie grcatci i,^ the unavoidable 
experimental error in the results. Where result? are desired as accurate as 
possibl#, and the quantity of the sample avail^lc permits of it, it is then 
better to distil 250 o? tlm sample with a columji into the fractions “ up to 
90” and “above 90.” and to analyse these separately, the first by the metlfiid 
given above for* the fraction “up to 90°, ” and the second by ’tliat for the 

^ fraction •' 90°-140°«” 
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Paraffins in Fractiqn 90°~140“. — results obtained in the manner 
described give the percentage of benzene, toluene, and xjlene, on the assump- 
tion that no paraffins ar^ present. When tl^ese are present, they count in the 
test as aromatic hydrocarbons, and thus bring about an error in the results. 
From blank tests made with mixtures of the three aromatic hydrocarbons 
with paraffins, it has been found that when the percentage of paraffins does not 
exceed 5-7 per cent, no material error is caused by assuming that the result 
for each of the three aromatic liydrocarbons is affected in propa^tiori tc the 
total percentage of paraffins present, and that the true percentages of benzene,' 
toluene, and xylene may be obtained "by multiplying the “uncorrected” per- 
centages found as above by 100 minus the percentage of paraffins present and 
dividing by 100. i 

The percentage of paraffins present may be found with a fair degree 
of accuracy, from the specific gravity of the sample, in a manner similar to 
that employed in the case of the benzene fraction. The specific gravity of a 
mixture of benzene, toluene, and xylene of the “uncorrected ’'percentages 
found can be calculated from the specific gravity of pure benzene, toluene, 
and xylene. ^ 

If thci’c were no expansion or contraction occurring when benzene, toluene, 
and xylene arc mixed, and also no expansion or contraction on the addition 
of paraffins to this mixture, then if a is the calculated specific gravity of 
paraffin-free mixture, h tlie observed specific gravity of the sample, and 
c the specific gravity of paraffins present, the percentage of paraffins 
present would be 

100x(/»-a)^(r-4 

But, in fact, expansion occurs both when benzene, toluene, and xylene 
are mixed and also on addition of paraffins to these mixtures. If iy the 
fall” in specific gravity due to expansion on mixing benzene, toluene, and 
xylene, and P the further fall on addition of parafiins to this mixture, then 


Parallins per cent. = 1 00 x 


[c-{a-{-P)) 


The valpe of P varies somevhat, but within the range of the prbportions of 
benzene, toluene, and xylene usually presont in the fraction VK)‘^-140° or in 
commercial toluol, it may be taken as having- a constant value of 0 0010. 
The value of for , the combined fall in specific gravity on mixing 

benzene, tolwene, xylene, and paraffins has been found experimentally as an 
average v.alue as follows * — 


PauilFiiis per ooiij;. 

9 

5 

10 \ ’ 
15 

20 «■ 


p hic\: 
0-0012 
0*0014 
0-0019 
0*0022 
0-0025 

O'om 


The average value of tlic specific gravity of the paraffins prevent in 
this fraction may also but ha^ been found by isolating ‘them to be 

uawally about 0*74, which is taken as the value of c. 

The specKic gravity of benzene, free from paraffin hydrocarbons, is 0*885. 
With regard to the specific gravity of pure toluene authprities difl^r. The 
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figure is usually given as 0-870, .wliich is rarely .exceeded in samples of 
oominercial “pure toluene” obtained from coal-tar. W. 'H. Perkin, senior, 
however 1 showed that when si^fdi toluene is coifv^rted into ^le sulphonic 
acid and^tlilfe latter purified and reconverted into toluene, tlfe hydrocarbon 
thus obtained, absolutely free from paraffins, has the specific gravity of 
0-8721, and a repetition of his work has confirmed this figure. The specific 
gravity of toluene, free from paraffins, i*s therefore taken as 0-872. 

In the gase of xylene, the specific gravity is in any case uncertain, as this is 
•a mixture of o-, A-,*nd p-xylene, each of.which has different boiling point 
and different specific gravity. Perkin found tlie specific gravity of these 
three xylenes, when pure, to be- — o-xylcne 0-8818, m-xylene 0-8691, and 



p-xylene 0-8GG1 ; as the mixtures of xylCnesTrom coal tar, etc., usually consist 
to the largest extent of m-xyloiffi, with a smaller amount of p-xylene, anePstiW 
smaller amount!# of o-xylene, the aver#ge specific gravity of the xylene 
k mixjiurc entirely free from paraffins may be taken*as 0-^8. IJommercial i‘pure 
xylene” rarely In^s a higlier specific grav!byj.han 0*865-0-866, and lij^e the 
commercial “pure toluene” still cofltains small aii^iunts of paraffins. 

Haying obtained tl^e “ uncorrected ” percentage of benzene, toluene, and 
xylene in the sampi ‘ i#th(; manner already d^ribed, and also the specific 
gravity of the samplf, the percentage of paraffins is determined as follows 
from (xraph 4 the calculated specific gravity of the mixture is if^ad off from 
’ T. Chrm. Soc., 1896 , 1191 . 
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the percentages benztfiie and toluene ^'oUnd (the specific gravity of the 
pure hydrocarbons being taken as 0‘885, 0'872, and 0*868 respectively), and 
the p^rcentagfi^of parafiiKs’‘is then read off from the observed and calculated 
specific gravities by moans of (Jraph 5, which is drawn up from the formula 
given, allowing for the expansions which occur. The “ corrected amounts of 
benzene, tolu(ine, and xylene are tl\en ot)tained by multiplying the “ un- 
corrccted figures by 100 minus the percentage of paraffins, and dividing 
by 1 00. 

For many purposes it is freqwiintjy desired to ascertain the percentage 
present, not of the true paraffin-free toluene or X3dcne, but that of the per 



t i * 

GkaI'U 4a. — Calculated Specific Gravity of Firatliii-frei^ Mixtures of Benzene, 

^ Toluene, and Xylene. , 

^entages of ordinary “ commercially ^purij toluene of specific gravity 0*870 
-and of “commercially pure xylene” of specific gravity 0*865. To enable 
these percentages t(> ascertained iei^dily. Graph Ta has bden drawn up in 
ex.>ictly the same ‘manner as 4, buj^ taking the specific gravity of tolueiif) as 
0*870 Mild of xylepo*as 0*865, and the readings obtained ^oni these Graphs, 
4a and 5, give directly the'percentages of commercially pure toluene of specific 
gravity 0*870 and conmnu'^il xylene of specific gr^avity 0*865. The per- 
centage of paraffins, of course, then cqmes out slightfy less, as a 5mall amount 
oFthese is included in the “commercially” pure toluene* and xylene. 

As previ6usly stated, when the percentage of paraffins fjxceeds about 7 
per cent., the “ uncorrected ” figures obtained for benzene, hoVuene, aifd xylene 
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are not necessarily in proportion "toi the true percentages ^Dresent, and the 
“corrcfetod figures obtained in the manner specified may ibe in error to the 
extent of 2-rl per cent. With tmost coal-tar products, the pidi’centa^e of 
paraliins rarely exceeds 5 per cent., but in certain samples^ such as the 
products from coal-tar obtakied in vertical retorts, the percentage may rise 
to 20 per cent., and is often still higher .with products obtained by very low 
temperature carbonisation. 

^ IMank tasts wi^i j^nowii mixtures of tlfe aromatic hydrocarbons containing 
up to 10-25 per cent, of paraffins have^shotvn that this error may be greatly 
reduced, if in the distillation of the fraction “ OO'-HO^' ’’ such quantities of 
benzene, toluene or xylene arc added to it that the mixture contains between 
52 and 58 per cent, of toluene uncorrected for^parailins, and on distillation 
gives not less than 20 per cent, re.spectively of distillate up to 105“ and 
residue “ above Il()“.^’ For }|ercentages of parafiins ali(>vc 25 per cent., whilst 
the methoc^ ^ives fairly accurate figures for the percentage of paraliins, no 
method has be»n found whereby it is possible to get accurate determinations 
of the percentages of benzene, toluene, and xylene present. 

Unwashed Toluol. — In some cases in works practice the toluol fraction 
is separated by distillation from the crude naphtha previous to acid washing. 
For the analysis of such samples, 150-250 c.c. of the spirit is washed with 
acid and steam distilled in the manner described for unwashed benzol 
previously described. If the percentage of xylene is not rcijuired, instead of 
steam-distillyig the residual oil after treatment with sulphuric acid, etc., this 
may be distilled without steam, using a good column, and collecting the 
distillate to 1 10 ' (adding a little xylene if the thermometer does not reach 
140”) and making up the distillate with pure xylene to the volume of * 
unwashed toluol originally taken. 

Fraction 140'-160“, and Conunercial Solvent Naphtha,— fraction 
140“-160“, •obtained from the preliminary distillation of coal-tar, etc., in the 
manner described, consists of the constituents present in commercial edahtar 
solvent naphtha, namely, xylenesf cumenes, and other aromatic hydrocarbons 
of boiling points up to about 170°C. If to the percentage of this fraction 
found there is added the percentage*of xylene (calculated on the original ^tar) 
found in ttic fraction fi0“-14()“, the combined figures give an app^imate 
estimation of tfie quantity of commercial solvent naphtha contained in the tar. 

Owing to the large immb(Ji’ of hydrocarbons present, and the fact that the 
boiling points of the constituents are in many case# so near together, it is not 
possible Ify any distfllation method to make any determination ok the relative 
amounts of the individy^il constituents. The* composition of the commertial 
products »ams considerably, but when prepared from crude tHr fairly free 
from paratiiir hydrocarbons, its specific ^ravi^y is usually 5rom 0*8()5 to 0‘866. 
Each O’OOl that the specific gravitj^of a sample of xylene or solvent naphtha 
as found below 0'8()8 indicates the presence of approximately 1 per ceifb. of^ 
paraffins. The bomiiKU'cial product alscf often coutaiji;s«a higher percentage 
•of wnsaturated hydrocarbons than is thc^ cause tv ith comiipercial Vienzoi and 
toluol, since for m^iy purposes fo^ which solvent napliiha is employed tlie 
-complete removal of these is unnecessary, and therefore tfie acid washing to 
which it is subjected in* practice is less severe. 

Benzene *and in CommerciqJ, Solvent i^aphtha. — The commercial 

product mostly contains varying amounts of toluene, and in addition 
sometimes contains small quantities of benzene. To de^rmine with 
accuracy the amoiiiit of these hydrocarbons present, 250 c.c. of the sample is 
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Grai'H 5. — Percentage of Paraffins in FractioiT 
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distilled with a good column at t^e^rate of about 4c.c. minute, and the 
distillkte to 142“ collected. This first distillate is then again fractionated in 
the same app.aratus, the distillate being now collected to K18“^«i*d its volume 
measured. This second distillate is essentially identical with a commercial 
toluol, rather high in xylene and low in benzene content, and is analysed by 
the method given above, the quantity i)f benzene and toluene found being 
calculated to percentages of the original solvent naphtha. 

A quickier meyio^, giving results suflftjiently accurate for many purposes, 

*3 to distil 100 c.c. of the sample with^ column, the distillate to 138“ being 
collected in a 100 c.c. cylinder. To this is adde(? 20 c.c. of benzene, and the 
contents of the cylinder then made up with toluene to 100 c.c. This mixture 
is then distilled, and the fractions “up to 105“*’ and above 116“ determined, 
and the percentages of benzene and toluene in the mixture read oft' on (iraph 
3. The percentage of benzane found in the mixture^ less the 20 c.c. added, 
and the pgr^entage of toluene found, less the amount added to make up 
100 c.c., give directly the percentages of benzene and toluene in the original 
solvent naphtha. 

Fraction 160°-200“. — The amount of this fraction, obtained from the 
original preliminary distillation of the tar or oil, gives an approximate figure 
of the amount of “ heavy solvent naphtha ” contained in the tar. Commercial 
heavy solvent naphtha, like the light solvent naphtha, consists chiefly of 
aromatic hydrocarbons, but in the heavy naphtha the boiling point of these 
lies mainly ffom 160“ to 200“. Any paraffins of similar boiling point present 
in the original tar are also contained in this fraction. As with solvent 
naphtha, the number of constituents is so large and their boiling points so 
close together, that their estimation by any distillation method is imprac- 
ticable. The specific gravity of the fraction from different tars also varies so 
much that even an approximate estimation of the percentage of paraffins 
present is hardly practicable by this means. 

Degree op Accuracy op Metiioi). 

During the past four years some» hundreds of blank tests have been rilade 
of mixtures made up witli known amounts of pure benzene, toluencf ^cylene, 
carbon bisulphide, and paraffins in-order to determine the degree of accuracy 
which may be expected in th^analysis, especially of the fractions “ up to 90“ ” 
and “90’-140“ ” corresponding to commercial benaol and commercial toluol. 

In thff case of tlfo fraction “ yp to ^90“ ” when this consists of •benzene and 
toluene only, the figui’es obtained show that when using an accurafely 
calibrated tj^rmometer and adhering to the conditions specified, the results 
given by the analysis differ only from Jhe quantities aiftually taken by less 
than 0‘5 per cent., and even whqn pa/’aftins are present, unless their percei^ag^ • 
is high, the results rarely differ from the true figures by more than that^ 
amount. The jTerceiitago of carbon bisiilphide^ usuaV^ comes out correct 
witkin OT per cent. * * * * . 

With the fra«tibn 90“-140“, an^ in properly washeii commercial •toluol, 
in the absence of paraftins, the results obtained Tor all three constituents, 
benzene, toluene, and xiylene, are almost alwayn^, within 0*5 per cent, of the 
true figures.* A sei.^.^ 1)f 140 tests o£ mixtures fif known amounts of pure 
benzene, toluene, ana jaylene, in which the relative amounts wei^e varied as 
much as possible, showed that of the 420 separate determinations of the three 
constituents, none differed from the correct figure by 1 per cent., and in only 
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six cases was the cirror iTvorc than 0*5 por<*chnt. The average quantities of 
benzene, toluene, and xylene in the 140 mixtures taken were as follo\^s 
Bcnze^nc 21 ‘4 ,per cent., ^toluene 6T7 poi- cent., xjdenc Ibd) per cent., 
and the average quantities found were identical, the errors, in the 
individual tests balancing each other. 

With quantities of paraffins not much exceeding 5 per cent., the 
experimental error is slightly greater, but rarely exceeds 1 per cent. With 
higher percentages of paraffins the possible error iivprc/ises, but if ’the ^ 
precaution is taken previously mehtioijed with regard to the composition of 
the actual mixture distilled to determine the percentages boiling below 105° 
and above 116°, the error rarely much exceeds 1 per cent, up to 25 per cent, 
of paraffins, though in the 'absence of this precaution the error in the 
percentage of toluene present may rise to 3 per cent. Above 25 j)cr cent, of 
paraffins the magnitudemf the possible error incivases considerably 

The length of time required for the preliminary distillation of^ the tar or 
oil varies considerably according to the quantity of the latter wliich has to 
be taken to give a sufficient (piantity of the light fraction for the further 
analysis, and also, as is well known, especially according to tlie amount of 
water and solid matter (“ free carbon ”) in the tar. The fuidher complete 
analysis of the unwashed fraction to 200° takes from to 4 hours, but if 
the analysis of two or more samples is carried on simultaneously, the average 
time required is considerably less 

Tn the subjoined schedule, the detailed results are given ret^ulting from 
the analysis of a “crude benzol” from gas made in vertical retorts, contain- 
ing carbon bisulphide and a somewhat barge percentage of parallins, which 
exemplifies the carrying out of the method and the necessary cahmlations : — 


Analysts ok (hiunE Benzol imoM VKitTioAf, Uktolts, 

Volume taken for analysis, 500 c.c., specuu; gravity at 15-5° ( t. = 0‘(S54 : — 


Oriijin(d mmple. ' 

Distillate to 200° . . ' . . , . 462 c.c. 

Uesidiie at 200° (did.) . . ' . . 3S „ 


Unwaidied frattiov lo 200°. ^ 


Vol. after allyili washing 
Loss . 

Vol. after a(;id washing 
Loss . , . 

j ' Fractiojudion of wqshed distillate. " ♦ 

Specific gravity. 


Up to 90° 

160 c.c. 

. 0-856 

90°-140°. ... 

.117 „ 

’ . . 0-840 

140°- 160°. 

„ 

, . 0*824 

160“-V200°. 

30 

0-840 

Kesidue at 200° by diff. 

46 „ 

, t .* 


: 

4 , 
. 420 , 
. 38 , 
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ParaOins 

Benzene 

Toluene* 


AlfALY*SlS OF CKUDE BENZOL. 

Washed distillate to 90*.” 

100 c.c. g^ve 83-3 c.c up to 85°. 

From Graph 1. Benzene = 90'0% unc., 

Toluene = 10'0% ,, 

Specific gravity before CSo removal, 0'856 
,, „ after „ 0-854 

From Graph 2. GS,-0'5%. Paraffins^ 17-2%. 

. • 

% Gom}>. of fraction. Comp, of 160 c.c. 

0*5 .... 0-8 C.C. 

17*2 .... 27-5 „ 

74*1 . . . . 118-6 „ 

8i> .... 13-1 „ 


Washed, distillate^ 90°-140°. 

81 c.c. + 19 c.c. Toluene + 0 c.c. Iljenzenc. 

From Cra])li 3. 

Tip to 105° . . . 39*8^ , . Bcn/enc = 29-3 per cent. 

105 -116' . '>.5*3'/ , Toluene = 53*6 „ „ 

Above 116° . . 24*5% . . Xylene =17*1 ,, „ 


111 81 cc of In 100 c.c. of 

w.fl. 90^-140+ w.d. 90'-140'^ 

Benzene, unc . . . 29 3 . . . . 36-2 

Toluene, unc. . . 34*6 .... 42*7 

Xylene, unc. ... 17*1 . . 21*1 

Specific gravity of fraction ... . 0-84(1 

(+vlc. sptuu'fic gravity of parattin-free sanipic from (jra])li 4 0*876 
Therefore, from (Jraph 5 jiaraHin.s 24*7 j^er cent. 

• 

% (Jomp. of Comp, of 147 c.c. 

^ fraction. of fi action.# 

P{fl-aflinH . . . 24-7 . . 36*3^q.c. 

Benzene . ,. 27*2 . . 40’1 „ 

Toluene' . . 32-2 . . 47-3 „ 

Xylene . . 15-9 . . . 23*3 ,, 

• • 

In order to check, as far as*[) 08 sihle, the ^accuracy of the results, a mixture 
was made up of the ntimber of c.c. found of (fS^, petrol (free <from aromatic 
hydroca.4=?>!*.,i) boiling from 80“ to l lO", pure benzenc^^pure toluene, solvent 
naphtha free from toluene, and heav/ naphtha To the naphthas, however, 
were previously added paraffiifs of^imilar boiling point to make their 8f)eci<^c 
gravity approximately 0-83 and 0*84 This mixture wa^ then analysed in tlie 
pr^cscribed manner, the following results beijigfibtainSd *.-i- 



^Taken %. * 

Found ft 

OS, . 

. 0-2 

. 0*2 

Pai»,ffin& f ' ^ 

. 17*1 

16*5 

Benzene . • 

4^2 

. 43-3 

Toluene . * . 

. 16-2 ' 

46*5 

Solvent naphtha 

. 16*2 

. 14*1 

Heavy Iiafihtha . 

.8*0 

. 9*4 



' Fraction 1 Total in 
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an/ly^s of cbItde benzol. 

AnotAkr AJbthod. 

The following method of anal^^is of crude benzol is suggested Spielmann 
And Petri^^ foreplace the obsolete retort test, which from a scientific point of view 
is totally inadequate to meet the requirements of modern Benzol Work practice. 

Another mode of examining crude benzols, yielding appreciably accurate 
results, ‘is to distil at least a litre over a Young 12-pear head, and to note the 
riseof temperature for every 5 or 10 per (jent. passing over. In Graph 6 three 



f.llAl*! 6. 

such curves are shown, quite ordinary*and characteriitic of the operation, 
wliich indicate from their shape that there is af consieferaUe quantity of ben- 
zene and some ^ol^^ene present; but how ^inuch is nqt obvious — ij is Yiot 
immediately clear how the curve i? to be interpretied quantitatively. 

Benzene Estimatioii. — It has been found that when such curves are 
plotted in 'the mu. shewn on mm. paper*(Craph 6) the horizontal dis- 
talices between the*5 per cent, mark and the point where the curve cuts the 
9 2 '5° C. line gwes a close measure of the percentage of benzencipresent, 

1 4th June 19U, 
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E or ample — 


No^ 

Froiri Curve. * 

Piy Analysis. 


Per Cent 

Per Cent. 

4. 

no 

7)2 

5. 

f)7* 

66 

h. 

40 

38 

7.' 


• C6 ' 

8. 

'()() • 

58 

9 ! 

10 

36 


Tolmne —Further, it has been found that the quantity of 

toluene is proportional to the number of lum. of maximum deviation of the 

iihm 



0]{A|'H 7. , 


experimcntaf curve from the smoothed curves shown dotted on (the p araph 
This relatioiisliii* is read oft' by means f*f (b’aph 7. 

rr 7 ' * 


Example — 

t « 




No. 

fle^ivtion j-ini. 

Toluene. 


< 

( 

From Curve. ; 

- * # 

hy Aiialy.sis 

*4. 

* ' 3vS 

'14 6 

11-ft 

5. 

3-5 

14-0 

14-0 

6 

1-0 * 

15 0 

16“0 

7' 

8'f) 

18 0 

190 

8. ^ 

j 5 5 

16 0 

‘ 13 0 

ft. 

1 13 0 

23 0 

. 22 0 ' 
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COMMEfeeiAL BENZQLS.,. 

New Distillation Test for Benzol, to meet Government ^equihbments. 

Tho object is to test waslieiJ benzol in such a manner as to ensure that it 
does not contain more than a stipulated proportion of toluene. 

The specification is modelled on th3,t of the well-known “retort’’ test. 

,A distillation flask is used, having a^sidc tube in the neck. The bulb of 
the flask ^s of ftulflcicnt capacity (al)out 150-180 c.c.) conveniently to distil 
100 c.c. The neck should be about d* 5 inches hmg, and the side tube should 
be at about the middle of the neck. 

Before making the test, the condenser tube and the flask should bo washed 
out with a little of the sample that is to be tested, and allowed to drain 
thoroughly. A measurings cylinder, graduated in cubic centimetres, is filled ^ 
up to tho 100 c.c. mark, and the liipiid poured from*this into the flask. The 
flask is cflnh^ctcd by a cork to an efficient (;ondenscr, the graduated cylinder 
already used being employed, without drying, for collection of the distillate. 

’J’he samphi must be at the temjierature of the hiboratory when the above 
100 c.c. are measured out. 

The rate of distillation should be 2 drops ])cr second from the delivery 
end of the condenser. 

Tlie position of the thermometer should be such that the top of the bulb 
is inch below the side tube of the flask. 

The tircrmoineter must bt' accurate, or its error must be known and 
allowed for. 

Allowance must be made for tho barometric; reading, the temperature^ 
being taken 0 1' higlier than that rcMpiired for each Od inch by which the 
barometer residing exceeds 50 inclu's ; and the distillation stopped 0*1 below 
the rcHpiy'cd temperature' for every 0*1 inch below .30 inches • 

Th(! ayiparatus must be shelterc'd from drauglits during the distillii.tion. 

The source of lic'at should ^e the naked flame of a syiirit lamp or bunsen 
burner (the rose must not be used). The flame should be protected by a 
small cylinder of wire gauze of about 2 inches diameter. ^ 

The ftame is extinguished when the thermometer indicates the required 
tern yxyature,* allowing for the above corrections. The ajiparatus is'?5!llowcd to 
cool ; the (yuaiAity of distillate is noted, and the residue remaining in the flask 
is then drained into the licjuid in the receiving measure, any shortage from 
100 c,.% due to ‘iloss on distillation ” being adcled to the already observed 
volume of distillate. 

THE ANALYSIS .OF COMMERCIAC, BENZOLS.’ 

• • 

Method of Siuelmann and Wiiekjjcr. 

• Determination of Toluene . — It has DaeiTiounu Liuit if 100 cjc. of a 
mixture of ben:(jpn«e and toluene be distiffedjrom an Engler flask at thcrifte of 
7 c.c. a minute, with proper preciTutions with regiird to eJi'aughts and efficient 
condensation of the xiistillate, the volume in c.c. passing over up to 90 C. 
indicates t?he (pia ..if of toluene present in*thc mixture when reference is 
iliade to a previoii^ly^constructcd curve. It has*been foiind, further, that the 
presence of paraffin and carbon bisuljihide in the (quantities noiyAally occurring 

j J.S.C.r., 1.^1 h April 191 
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in commercial bcpzols does not upset this relationship to any material 
degree. 

Tlje method is not to be trusted above 20‘per cent, of toluene, because the 
errors which ordinarily balance one another in any chemical manipulation 
may, if acting all in one direction, cause an error of 2 per cent or more. Thus, 
the increasing inaccuracy with increasing quantities of toluene carries the 
method into the region of others for the estimation of toluene, such as that of 
Colman,^ and, of Northall-Laurie,^ \<hich, from this poivt pn wards, slio^ a * 
greater accuracy the higher the percentages of toluene present. 

Experience has shown that the estimation of the toluene by the distillation 
method just described may vary in the hands of diflerent workers with slightly 
differing apparatus, to the exte'nt of 2 percent. Although such a discrepancy 
is in itself undesirable and can be rectified, it does not have any appreciable 
effect in the subsequent estimation of paraffin. < 

Determination of Carbon Bimlphide. — Cai'bon bisulphide is^ <jasily and 
completely removed by alcoholic potash in the known manner*; but instead 
of the potassium xanthate being estimated, the benzol is washed several 
times with water, in order to remove the xanthate and alcohol, and dried : 
its specific gravity is then determined. The dillcrence between the original 
specific gravity of the sample and the specific gravity just obtained is 
proportional to the quantity of carbon bisulphide present, and this can bo 
found by reference to a previously constructed curve. 

This method has been suggested by Nickels^ and by Ellerton.\ The slope 
of the curve in Graph 8 is given by the constant 0*002816, a slightly different 
figure from the 0*00346 found by Ellerton. 

Determination of Pantffin. — After the removal of carbon bisulphide 
the liquid consists substantially of a mixture of benzene, toluene, and jiaraffin. 
The quantity of toluene has already been determined, and the specific gravity 
of a mixture of benzene and the ascertained quantity of toluene can* be found 
from a previously constructed curve, so that the difference between the spocillc 
gravity of the benzene-toluene mixture and tfnat of the sample after removal 
of carbon bisulphide is proportional to the quantity of paraffin present, the 
actua*i value of which can be found from an exp(*rimental curve. , 

OrigiiLally there was some doubt as to the proper specific gravity to ascribe 
to the paraffin occurring in benzols. This lAust certainly vary with the vary- 
ing quality of coal distilled, as well as wdth the c^iaracter of the retorts and 
the temperature of the destructive distillation. From actual analysis and 
from theoreticnl considerations, this has \)een tn<ken to be 0*’r30. As a matter 
of fifct* it has-been found by ex’periment that the gm;vity may vary 0*025 
without seriously upsetting the results obtained. . 

Determiiiation of^Benzenc. — This ^jonstituent is estimated by difl'erence. 
<rhe ^York has been based on the specific [f*'avi’ty of benzene being 0*8848 at 
h&*5° C., a figure wdiich has been obtained from synthetical benzene, boiling 
constantly at 80*2*^ • t * 

,The graphs, hoAcver, have been drawn for a specific gravity of 0*8850 'at 
15*5“ C.*' To a certain extent the unimportant impurities jA*esent in benzols 
will tend to balance one another wdth respect to their specific gravities, but 
with an upward tendency. « • 

The most important of .these impurities is thiophenc„but this is seldom 

^ Ptige 83. 2 PajfelH. , 

® Ailen’.s Com;mercinl Ortfanir Analysis, U)(i0. vol. ii., pt. 2, p 183. 

* 1912, p. 11. ■ • ' 
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present to an amount of more thaA 0*5 per cent. (Ltinge).and averages about 
0'26 per cent.^ • 

The latter quantity would cause an error of 0‘3 per cent, jii'^he quantity 



ISchvvalbe, Z , Farbrn- u TcMil - Ind .^ 1905, 11, 113, 


Graph 8. 
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From the anatysis o'/ a number of kftown mixtures and of comr^ercial 
benzols the following ca^ be quoted, the results being given in per cent, 
vol./wl. : — “ ^ '■ r 

Knoxon Mixtxires. 



BcilZODf 


Toluene-'^, 

I’araffin %. 

Carbon Bisulplpde 
‘ %• 


Taken. 

t’ouiul. 

Taken. 

Found. 

Taken, Found 

Taken. 

Found. 

A. 

87-0 

87 T) 

1 10-0 

9-2 

2-0 2-3 

DO 

DO 

D. 

81-() 

81-9 

: lao 

(hS 

\ 0 4-3 

2-0 

20 


c t 

Commercial Benzoh. 



Distillation Test 

* SiK'ei lie Gravity. 

Paiii- 
llin V 

Carbon Bisul- 
I'hido % 



Tolu- 


A Her Re- 


li) Curve. 

P>y Titra- 


e.e. 

ene 7(,. 

On 1,4 11 . 'd. 

iiio\ inf.it So. 


tion 

1. 

98-9 

1 5 

()-887r) 

0 8838 

0-23 

105 

0-78 

2. 

91*2 

IDl 

0 8892 

0-8840 


1-43 

D34 

3. 

97‘9 

3*0 

0 8800 

0 8839 


0 75* 

0*71 

4. 

98-G 

2 0 

0 8891 

0-88r)7 


DOO 

0 93 

r>. i 

94-4 

7’7 

0 8872 

0 8810 

1 3 1 

1 73 

D70 


‘It will be seen that an average accuracy can be expected to the extent of 
tolueqe I'O per cent., paraflin 0 b per cent., and carbon bisuiplifde 0‘1 per 
cent., and that the extreme (‘rror is not serious. 

A few preliminary experiments with first runnings” show' that this 
method of analysis can be applied with a slight rnoditication. 

In (Iraph 8 are collected in one diagram the curves showing the eflfects on 
the spl’t;ifie gravity of benzene, of toluene, carbon bisulphide, and paraffin, 
together with the toluene distillation curve The method of employ ihcnt is to 
find the percentage of toluene from the result of distillation, and then to pass 
up that ordinate until tluT benzene-toluene specific gravity line is uiet, at a 
point opposite wdiich is found the specific gravity of such a benzene-toluene 
mixture. T^e differences of specific graxaty, which ^lave already been de- 
scribed as being proportional to the percemtages of carbon b’uaiijihide and 
paratlin, are read ofFfrom their rc.spei*tive curves. 

** j .Actually a sligiit error is introduced hy tl¥is obtaining the percentage of 
'‘paraffin in a lienzcne-toluene-parafiiTi mixture and making po allowance for 
the carbon bisulphide, reraqved from the original sample : the numerical 
difference is, however, too small* to <)e of account. 

Taking for exaanplc No. 3 frDm the ahjve table : — 

Distillation: 97‘9 c.c.« . . — 3 per cen^*. toluene. ^ 

Specific gravity of G-riginal sample 0 '8806 
Specific gravityafter removal of CS^ - 0*8839 

0-0027 = 0-70 percent. cSj,. 


Difference 
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Specific gravity of benzene, •34)or 
* cent, toluene . . . = 0-8840 

Specific gravity after renio^ilof CS> 0-88.*)0 * 

Difference . . . 0 0001 = negligible paraffin. 

It is interesting to note in passing* that the effect of toluene on the 
specific gravity of benzene is exactly ong- tenth the effect of paraffin of the 
•specific gravity orO -730. 

For the sake of convenience of wffi-king, the. curves shown n (iraph 0 
have been plotted. Here it is not even necessary to determine the various 
differences in specific gravity : only the observed figures need to be dealt 
with. The analytical results arc interpreted as follows: — 

The number of c.c. dist^ling below 90” C. represents the piu'centage of 
toluene shown below. The number of c c. distilling* below^ 9(f C. has been 
plotted ag^rfst the specific gravity found after removal of in such a 

manner that tlie percentage of paraffin is read off directly. The specific 
gravity of the sample has been plotted against tl»e specific gravity after 
removing carbon bisulphide, whereby the percentage of the latter can be 
directly read off. 

Taking as an example No. 5 from the above table : 

Distillation ; 94-4 c.c. . . 7*7 per cent, toluene. 

Specie gravity after removalof = 0'8810 

Junction of 94 4 c.c. ordinate and 0-8810 line is at 1*7 % [larafiin. 

Specific gravity of original sample = 0 887li 

Specific gravityafterremoval of CS., ()-881 0 

Junction of these two co-ordinates is at 1*75 per cent CS.2. 

It may, be of interest to follow- the mathematical evolution of the one 
set of curves from the other. • 

The curves in (frapli 8 have*bcen found to have the following numerical 
characteristics : — 

DUtlllation has bee\^ found that up to 8 per cent, of toUienc 

(eipii valent to 94-3 per cent, distilling below 90' ) this is a straighj^lino of 
the formula if - 100 - 0-7T, wher« D = the percentage of c.c. below 90'' and 
T = percentage of toluene • 

Above 12 per cent, of toluene (e(|uivalent l^o 90 G per cent, distilling 
below fW* Ck) the curve closely approximates to an exponential curve D 

,2-084 -o-oonaT. ^ • • 

The “ N(vman’s laud ” between these two curves is occupied by a line 
following the obVious general curvature. • 

Toluene Curve, — The vifriation *m specific gravity of benzene* by^ 
varying admixtures of tolue*ne is found to follow the law, T=- 60t50*0^ 
(0-8850 -y,) where = the specific gravity of the beny.oiie-toluene mixture. 

9 Paraffin Curve. — This is expressed ^y ^ fiOGOGl whe-re^y^ 

— the specific gravity of the benzenfe-toluene ^mixture, and =- specific^^ravity 
after removal of CS2. • 

Carbon Bisulphi(h Curve . — This is represented by S = 28]-6 (y-g.^ 
where y^efrigimn .peiific gravity of. the sample, and g.^a^oCiWc gravity 
after removal of CS*. . 

TI14! Graph*No. 9 was obtained by plotting g.^ = g—-^^ ^ 
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By uniting fori;tiulfjc ropresentiiig' the distillation curve with 'the 
paraffin and toluene specific gravity curves, the following expressions^ were 
obtained, which represent' in graph 9 the percentage of paraffin as described 
earlier : 

L) = 100 - 4242 42 (0-8850-^2) + 7P, up to 8 per cent, of toluene : 

log 1) = 2*034 - 38*183 (0*8850 — + 0*0G3P, above 12 per cent, toluene. 

Kxperiiuonts have been carried out and Graph 1 0 elaborated^ Spielmann < 
and .lones, ^ in order to ascertain whetlror the above method for the analysis of 
commercial benzols is applicable to first runnlnys. 

This fraction differs from the benzol fraction mainly in containing up to 
10 per cent, or 15 per cent, (^and rarely as much as 65 per cent.) of carbon 
bisulphide, and up to 15 per cent paraffin, together with very small pro- 
portions of a number oHither substances. 

From a known mixture it was found that even 65 per ceixt.^of carbon 
bisulphide gave a distillation test corresponding to the amount of toljaeno 
added (5 per cent ) wij.hin the limits of accuracy of the earlier benzol 
analysis. 

It was found, further, that water soluble substances were insufficient in 
quantity to affect estimation by specific gravity, and also that a severe 
washing with sulphuric acid to remove other impurities did not cause 
alteration. 

The method previously described can therefore be apjilied di:*octly to the 
evaluation of benzol first-runnings witli the following modifications : — 

1. Carbon bisulphide. — The estimation of a high perceiitage of carbon 
bisulphide is most conveniently carried out by diluting the sample witli up 
to five times its volume of benzene, which has been previously purified from 
any carbon bisulphide that it may contain. 

2. fiarajjin . — The specific gravity of the paraffin of this fraction is 0*700. 

If the percentage of paraffin is such that it lies outside the graph, its 

quantity can be determined most easily by employing the simpler of the two 
benzol graphs {loc. cit.)^ ascertaining the specific gravity of lienzene-toluene 
mixture by its means, and determining tlfe difference between thi i and that 
of the ^'inple under examination after removal of CSg ; the resulting difference 
is then evaluated by means of the paraffin graph. 

Pkirther, it becomes necessary to take into consideration the percentage 
of carbon bisulphide present and to correct the quantity of paraflin f^md by 
differences of'gravities. . ^ 

If, for instance, 10 per cent, of carbon bisulphide m present, the quantity 
of paraffin found will be that present in 90 c.c. of liquid, add the value, 
therefore, will have to be diminished in the ratio of 90 : 100. 
t It general, paraffin (true figure) =<^ paraffin found multiplied by the 

fraction where r is the pciccntage of OSq. 

. 100 , c ^ ^ ^ 

•"This correction need not actually be. calculated, as ,it can be obtained 
directly in graph 10. ^ ' 

The following examples of known mixtures indicate the mode of 
employment: — 

(1) Mixture taken : 4 per cent, toruene, 3 per cent, paraffin, 12 per ceat. 
CSg, 81 per oqpt benzene. ^ 

^ J.S.C.L, 15th September 1916. 
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Distillation of 100 c.c. up to*9p°C. gives 97'5 (;c., equivalent to 3 6 per 
cent, toluene 

Specific gravity after removal of CSg, 0“8762. * 

Junction of 3*6 per cetit. toluene with gravity 0’8762 liifb is at 4^ per 
cent, paraffin. 

Specific gravity of original sample, 0*9205. 

Specific gravity after removal of CS.^, 0*8762 = 12*5 per cent. CS.,. 

^ fn ordes to oljjiayi a correct value foi*the paraffin, the point ^representing 
the observed percentage is moved upwty^ds continuously, equidistanf from the 
continuous and then discontinuous straight linesf until it reaches the point 
representing the carbon bisulphide percentage* this point gives the correct 
value of 3*8 per cent, paraffin. • 

(2) The mixture taken consisted of : 4 per cent, toluene, 1 1 per cent, 
paraffin, 50 per cent, carbon^bisulphide, 35 per cent ^enzene. 

Distill^tipn of 100 c c. to 90" C. yields 97*1 c.c. = 4 per cent, toluene. 

As the mixture has a gravity of 1*0496, which is outside the graph, 
exactly 15 c c. was diluted five times, i.e. to 75 c.c. wdth pure benzene. The 
specific gravity of this mixture 0*9150; the specifiTj gravity after removal 
of CS 2 : 0-8794 = 10 per cent. 0^2 == ^ lO) = 50 per ’cent, on the 

original. 

The junction of 4 per cent, toluene and the 0 8794 line is at 2 6 per cent, 
paraffin ; this figure corrected as before shows 2 3 per cent, paraffin, which 
equals (5 x ^2 3) = 11 '5 per cent, on the original. 

It will be realised that for high percentages of carbon bisulphide and 
paraffin the results will be less accurate than those obtained in the analysis of 
benzols, but at the same time that there are no serious deviations from 
the true values. 

• Jones Method. • 

ft 

Based upon the theoretical consideration, that the depression *of the 
freezing point of a li(juid, caused by the presence of a dissolved substance, 
is, in general, proportional to the weight of the solute dissolved in a constant 
weight of the solvent, F. B. .1 ones* has elaborated the following methcld of 
analysis of* commercial “ pure ” benzol. 

Application of the Method. --Ai is evident that a method of analysis 
such as that described abov# can be applied to the case of commercial pure 
benzols. Up to the present time, in order to carry out the complete analysis 
of a safTJple of pure ” benzol, it^w'ould have been necessary to icstimate the 
carbon bisulphide and^the thiophene by gravimetric methods ^ the tfiliftne 
by the fractioiiation of a large bulk of the sample to obtain a residue rich in 
toluene (the composition o^ which could be found rfrom its distillaUon 
characteristics), and the paratfift oilier from the consideration of the specific « 
gravity of the sample after the removal of carbon bisulphide and thiopRen^ 
or by the remcA^al of aromatic hydrocafbons b^ exh^jis^ive treatment with 
sulf)huric acid. 

The proposed#ra€thod has the ftdvantagq that by its aid an analysis can 
be completed within one day by the employment ^f simple operations. By 
suitable arrangement of the work, this rate is ^considerably increased when 
several analyses aic v^rtied m togethei; 

*The Freezing foi^t MeasuremenU , — The following provides a means 
whereby small • quantities of carbon •bisulphide, thiophene, •foluene, and 
paraffiif may be estimated with little trouble, and with a fair approach to 
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accuracy, tlic iiicivsiiremiuits required beyi^^ three freezing points and one 
specific gravity. The freezing points arc deterniined in the usual w5y, by 
mean^ of any tliornioineter capable of giving readings accurately to O’Ob’ C. 
over the range O-b'S” C. Since, on an average, a diliercnco ' of O’OTC. 
corresponds with about 0’()2 per cent, of impurity (O’Ol per cent, in the case 
of carbon bisulphide), this is the theoretical accuracy of the method. Should 
the best thermometer available be one divided in O’l 'O. readable to O^OS^C., 
results can Ue obtained accurately oldy to Od per cent. (0’(^5 in ihe cafc4 of ^ 
carbon bisulphide). In this case, of cojirse, the thermometer corrections must 
be known to 0*05“ C. ' 

The Method of AnahjaU. — The ice points of the thermometer having 
been determined, the freezing point (F.P. 1) of the sample is taken. The 
carbon bisulphide is then completely removed by treatment for not more than 
One hour with alcoholMi potash, avoiding the fise of an undue excess of 
alcohol, followed by three washings with water. The freezing pojnt of the 
residual benzene free from carbon bisulpliide is determined 2). The 

thiophene is then completely removed from the carbon bisulphide-free benzene, 
according to a metliocf privately communicated by JJr S. P. Schotz, by 
shaking continuously for 2 to T hours with twice its volume of a cold solution 
of basic mercuric sulphate (l)eniges’ reagent) prepared by dissolving 5 grams 
of mercuric oxide in a solution of 20 c.c. of concentrated sulphuric acid in 
100 c.c. of distilled w^iiter and filtering the solution. The residual benzene is 
washed twice with cold water in a separating funnel, the water removed, the 
benzene liltered from suspended solid through a small filter, and its freezing 
point (P.P. 3) and specific gravity at IhbVih’b'C. are determined. The 
specific gravity must be measured accurately to within 5 in the fifth 
decimal place, a d(*gree of accuracy obtainable without difhculty il a good 
typo of pyknometer is used, and if the temperature of the bath is know.n to 
OOS^C. In practice it is convenient to take 60-70 c.c. of the s«miple and 
remove the carbon bisulphide. The residual liijuid is then divided into two 
portions, 20-30 c.c. being reserved for thf; determination of F.J\ 2. - The 
thiophene is removed from the remaining 40 c.c. It is advisable in all cases to 
prove the absence of thiophene from the final residue by the ^Isatin and 
sulphu^c acid test. , 

Employment of the (haph No. 11. -The volume percentage (iJ.c. per 
100 c.c.) of carbon bisulphide is obtained fronf the graph by reference to 
F.P. 1 and F.P. 2, the tlnophene from ¥.\\ 2 and F.P. 3, and the paraffin and 
toluene from* F.P. 3, and the specific gravity.. Theoretically it is needf^sary to 
apply 'corrections to all tlie values obtained to allow, for the increased con- 
centration of the other impurities incident on the removal of carbon bisulphide 
and of thio[»hene, buf in practice the^mallness gf the quantities present and 
^bbe ymits of accuracy of the method render tlfis unnecessary. 

• The Effect of Water.— T\\o, material docs not need to be dried after the 
various extractions, *fo*’ water appei^rs to be sufficiently insolftble in benzene, 
aU temperatures dear 5° C., not* to^atfect the freezing point. The liquid of 
which the specific 4,a-avity is to Xio determined should, hoVeirer, be dried with 
a pellet of calcium chloride. 

Effect of Other Imparities. condition essential. to the successful appli- 

cation of the method is that impurities other than tlfc above na^ned shall be 
either absenj; altogether or present in not more than thq most minute quantity. 
The Bulphuri? acid test (90 c.c. of thft sample shaken for exactly 5 minutes 
with 10 c.c. of 90 per cent, sulphuric acid) must not show iiiore thaif a pure 
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lemon-yellow colour; this indicates that the analysis may be performed 
directly on the sample as receivc^l. Should the acid t^st show a deeper 
colour, the sample must be waalied for 5 minutes with 5 per cent, of its 
volume of 90 per cent, sulphuric acid, followed by treatment with cfhistic 
soda solution, and several thorough washings with water before proceeding 
with the analysis. The presence of undesirable impurities is also indicated 
by the appearance during the treatment with alcoholic potash of a strong 
yell#w colour tln^t appears also in the»extracted benzene. Care must be 
•taken that the alcoh& used is suHicientlv pi;re, for should it contain aldehydes, 

. coloured resinous substances arc produced, and these ultimately contaminate 
the benzene, which should remain colourless after treatment. For the same 
reason it is inadvisable to leave the benzene aijd alcoholic potash in contact 
for more than an hour. Mdie eHcct of the impurities in an insufficiently 
washed sample is to increafte the apparent (piantity of carbon bisulphide.* 
The thiophene estimation may also be affected to a smaller extent. 

liesidts . — The method has been tested on mixtures of known composition 
made up from the same materials (with the exception of the benzene) as 
those used to obtain the figures for drawing the g*’aph. 

(1) A known mixture of benzene, carbon bisulphide, thiophene, toluene, 
and paraffin (the benzene used contained 0‘1 per cent, of paraffin). 





Taken 

Koiind. 

Fpt 1 

- 4‘43"C. 

Carbon bisiiljdiido 

0-206 

0 21 

F ])tf 2 

- 1-63'’ (1 

T}iio)>heiio 

0 499 

0 47 

F.j)t. 3 

-- 

Toi lifting 

0 1 29 

0-1 r> 

Sp. gr. 

- 0 8824 

Taratliii 

1 *29 

(1-19 + 0']) 

1 3 


^2) A known mixture similar to (1), but (iontaining in addition a small 
quantity qf hexylene. The mixture was divided into two portions, one of 
which was analysed directl}', wliile the other received a preliminary acid 
washing, as idready described, ^jlie benzene us(m1 contaiiuHl 0’33 per cent, 
of paraffin. 



Not Aeiil 

Aej<l • 


Not Aeid 

Acid 

• 

Washed 

Washed. 

1 AK(.*II 

Washed Washed 

F.I.t. 1 • 

3'95 

3-99 ' C. Carbon Insulplndo 0*367 

0 43 

0 36 

l^.])t. 2 


4-^'’C Tliiopbcne 

0*2) 65 

0-46 

0 50 

F ].t. 3 

4'fdr c. 

4.^)'’C. Tohn'ne 

0-11.6 

0-11 

(1 12 

Sp. i'T. 

0-8811.6 

0*8811.6 Faratlin 

• 1 *97 

2 0 

2 0 

• 



(1-61 1 0.‘i 

13) 


) Sample 

of }i‘ur€ml>eii zol. 




Sp. gr. 

' 0-8862 

Di.stillation range (5", 

. to 0.6 

0 4" C, 




* .Suli>huric £t*i(l tosl 


“ yellow 


F.]*t. 1 

= 5-06“ C. 

(JarlKti* bisul})liide 


0*03",. 


F.pt. 2 

- ,6-09" C. 

Thiophene 


- 0-60 ’o 


F.pt. 3 

• .6-37" C 

Toluene 


0*10% 


Sp. gr. 

^ 0-884.6 

Paraffin 


0-1. 6'\, 



The method *can also be applied in ceftain ^ascs to* well-washeid com- 
mercial benzols, and for this reason the toluene graph hatt been extended to 
3 per cent.^ but i a’^ch a case the accuracy*of the method is diminished. 
Slyiidd the (juantif^’^ of toluene exce*ed about 3 per cent, the method of 
analysis devisee^ b} Spiolmami and Wlvpeler is more widely an^ more easily 
applicable. 
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I^THOD OP 1). No^lfHALL-LAUllIK. 

Theoretical Conmieraliom. —When ii mixture of two chemically similar 
substances infinitely miscible, such as ben/cnc and toluene, and which 
do not form a mixture of constant boiling-point, are boiled, the relation 
between the molecular composition of the vapour and the molecular composi- 
tion of the mixture is constant, and can he expressed by the equation 


where and X,, are the relative masses of the constituents in vapour, Wj 
and Wo the relative masses of the constituents in the liquid, and C a constant 
which is usually a ratio of the vai)Our pressures.- 

As the constituent of lower boiling-point bo Is otf, the percentage of the 
higher boiling-point constituent rises, and so does tlie boiling-^:)oint of the 
mixture, the composition of the vapour changing in the same nuinner. 

It thus follows that if a mixture of benzene and toluene is distilled at a 
uniform rate, in a llask, without still liead condensation, into an etheient 
condenser, tlie com[)osition of the first droj) camdoiised will be equal to the 
composition of the vapour, and as distillation proceeds, the percentage 
composition of the distillate will he in inverse ratio to that of the mixture 
distilling. 

If half the mixture is distilled in the above manner, and assuming equal 
({uantities of each constituent present in the mixture, the benzene will be in 
excess in the fraction distilled, and toluene in excess in the residue. 

Again, if the relationship between the percentage composition of the 
constituents to the boiling-point is known, the amount of each constituent 
in the fractions can be easily determined. 

‘ Mixtures of benzene and toluene, toluene and xylene, of kno^n composi- 
tion by volume, w^ere prepared, and their boiling-points noted. These were 
plotted against the percentages and a curve drawn, Graph No. .12, from 
which the composition by volume for all boiling-points could be read off. 

« Mixtures of the three homologues will behave under distillation conditions 
in a f^imilar manner, hut in this case the relationship between the percentages 
of the constituents in the fractions is more com])licated. In this case two 
fractions must be collected. The benzene wiT then be in excess in the first 
fraction, the toluene in the second, and the xylene in the residue ; there 
being a proportion of the three homologues in each fraction, this puportion 
va’ying iiccording to the percentage cbmposition of the original liquid. 

As the three isomers of xylene occur in commercial xylene, and as the 
percentage of each isomer varies in different samples, ' slightly varying 
bdiling-points wall be obtained in practice. Tt is found, however, that owing 
^^to the boiling-points of the three isomers being so close, namely, 143“, 139“, 
and 138° C., the error due to taking one fixed boiling-poin<t does not affect 
the^results in any marked degree. 

A ^ more complete separation of the- mixture into its three constituents 
would bo obtained by using an evapdrator still-head and collecting the 
fractions up todl0-f)“0 and 1 39“ G., instead of equal amounts. This is, of 
course, the procedure adopted in fractional distillation. 

It is thus seen that plain distillation tends to' separate the three 
constituontSf fractional distillation giving a more complete separation. 

However, any method of analysis depending on fractional distillation is 
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^ioijs and likely to be unreliable, unless conducted* with groat care. 
Consequently, if sufficient separation of the constituents is obtained by plain* 
distillation in three fractions, so as to give first and last fractions of mafkedly 
different boiling-point, a method of determining toluene would be possible. 

After a considerable number of experiments the author has devised a 
practical method depending upon the principles above cited. 

■i^ethod . — A known volume of the jjaraple ife distilled at a uniform rate 
^Bom a distilling^fl.tsk into an efficient condenser. As soon as obe quarter of 
fSle volume has collected, the receiver ts changed* and a further half distilled 



over. The distillation is thftn stopped. The boiling-points of the Ifrst ^ 
fraction and the last (namely, flie residue in the flask) are then taken if! arj 
apparatus of special design. On reference*to a table or gr^ph prepared as a 
result of experiment with known mixtures, the ^[Uftntit^f of tgluene is reaef-off. 

This method, depending upon t^e colftction of fractions always /)f tffe 
same quantity andtioting the boiling-point, has^ad vantages over the alternative 
method of collecting fractions to a definite temperature and pleasuring them, 
inasmuch as ^in cas' here there is a pred<ftiiinating amount of <3ne 
constituent} the quantity *of one or more bf the fractions would be small and 
difficult to measure accurately. 

. Boil^g-Point *4})paratusi—ThG boilftig-point apparatus required for ns 
jn taking the boiling-point of the fractions is shown in fig. 54. 
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This can be easily colistrncted froin a distilling flask. Tn the neck , of the 
flask is placed a thin glass cylinder with a Ijole in the side corresponding to 
the (tatlet of tlv3 neck of the flask and sealed to its sides. This glass screen 
protects the bulb of the thermometer and ensures a steady temperature, 
preventing variations from draughts or other causes. 

Process.— 200 c.c. of the sample measured at Tap water temperature are 
placed in a distilling flask 'of just, sufficient capacity, with the neck ci|,t off 
close above the side tube. The contents are distilled at tke uniform rate oi# 
7 c.c. per minute through an eflici<?nt condenser into a hO c.c. measuring 
cylinder. When 50 c.c. have collected, the cylinder is quickly changed, 
without stopping the distillation, fora 100 c.c. cylinder. As soon as 98-5 c.c. 
have come over, the flame is extinguished and theyontents of the flask allowed 
/,o cool. By the time that all drops from the condenser have ceased, 100 c.c. 
will have been collected. 

Should the first 50 c.c. he turbid from the presence of water, ‘a pellet of 
calcium chloride is added, and the cylinder well shaken 'and allowed to 
stand. ^ 

Tlie contents of the distilling flask arc cooled under the tap, transferred 
to the special boiling-point apparatus, and the boiling-point taken as 
follows : — 

The apparatus is connected to a reflux condenser and boiled at such a 
speed that the condensed fluid runs back at the uniform rate of one drop per 
second. The thermometer should be divided into tenths of»a degree, and 
should be tested to ascertain if it is accurate between temperatures of 80° 
to 140" C. When the temperature has become constant- -which takes about 
10 minutes — the thermometer is read, the necessary corrections for atmos- 
pheric pressure and length of exposed stem made, and the figure noted. 

The apparatus is then disconnected, emptied, dried out, and the contents 
of tht 50 c.c. cylinder — which by this time will he quite dry— itdded. The 
boiling-point is noted in a similar manijer, and on reference to the Graph 
No. 12 the vertical co-ordinate of which represents the boiling-points of the 
first fraction, and the horizontal co-ordinate of which represents the boiling- 
point of the last fraction, the percentage of toluene and benzeiv' present in 
the sample can be read off. The difference between the sum of these 
percentages and a hifndred represents the xylejie. • ' 

Advantages of the Process , — There is no need to measure the fractions 
very accurately, as slight variations in the amounts collected will not affect 
tke value of, the boiling-points determined. This obviates the necessity 
of cooling the fractions to one temperature, which* is a source of delay in 
hot weather. p 

If the sample is at tap -water femperatpr'e, the fractions will necessarily 
I be*at the same temperature, thus elimifiating .‘iiiy error due to expansion. 

The only partjOf the process rt(piiring special care is in.th.e taking of the 
boiling-point, which would* present no difficulties to a (jualified man. 

A determination can easily b^ completed in from 3Q to 40 minutes. ’After 
the first distillation is»finishhd, the boiling-point of th^ fractions obtained 
can be taken whilst the second sample is being distilled ; and consequently 
the process takes no longer than the time required to distil ,150 c.c. at the 
rate of 7 c.c. pey minute. ♦ , 

Aceimtiy.~\i will be noted by inspection of the graph that the difference 
in the boiling-points is quite appreciable for 1 per cent, differei^e in dhe 
toUiene present. This differ^npo increases with the increasing percentage gf 
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toluene. There is no difficulty'' iji determining the peajentages with an 
accuracy of '1 per cent. * 

Limitatimu of the Process —The new methoa will give direct results 
for all possible combinations of toluene with benzene and xylene in samples 
containing from 50 to 100 per cent, toluene, the accuracy of the results 
being greater the higher 'the percentage of toluene present in the sample. 
The| value of great accuracy in determinations of toluene in com- 
mercially pw’e siwnples is apparent, it lleing important to be aJ:)le to report 
upon the quality of small impurities, in ‘commercial “pure toluene” now 
required for the manufacture of tri-nitro-toluen^. For samples containing 
less than 50 per cent, toluene, such as benzols, it would be necessary 

to add a known ([uantityjiof pure toluene scf as to bring the results on the 
graph. This is easily done ^y taking 100 c.c. of the sample, and 100 c.c. of. the 
toluene, the error produced by doubling the result boing more than offset bjr 
the greaUr accuracy of the determination. There is no limitation as to the 
percentage of lenzene or xylene present, so there is no need to add anything 
but toluene to the sample. 

Paraffin . — Any paradin present in the sampl6 vauild appear in the 
analysis as toluene, and the necessary correction must be made for this 
material. This can be done by the method suggested by Dr Colman, namely, 
to take in the case of very pure toluene, the gravity of the sample ; or in the 
case of toluenes of lower percentage, tlie specific gravity of the fractions 
distilled oveu between the temperatures of 107" and 115*C., using a Young 
12-bulb head. 

Every unit in the third place in the specific gravity less than the specific 
gravity of pure toluene, namely, 0-870, will represent 0*06 per cent, of paraffin 
in the toluene found. 

Exaviple . — The specific gravity of a sample was 0 868. This is two units 
less than •0*870, 2 x 0*66 ecpials 1*3 per cent, paraffin. There fore^ if the 
sample contains 60 per cent, toluene, the paraffin present would be 0*78 
per cent. ^ 

Carbon Bisulphide . — This material does not occur in toluenes containing 
over 60 pq^ cent., but is likely to t)ccur in bOVOO” benzols. It is necessary 
to romo^'e this*material before the process can be employed This is easily 
done by means of alcoholic potaf^h, the carbon bisiilphide being removed 
as xanthatc. The alcohol* used must be cither pure ethyl alcohol or 
industrial spirit. Ordinary methylated spirit coiftains paraffin. 

Further Note on Taki7uj the Boiliu^-Pomt . — As the whole j)r(fcess depends 
upon the accurate detci'inination of the boiling-point, care mu8t»be taten to 
always take readings under similar conditions. The apparatus used for this 
purpose should be of the oxacit size specified. The flask^ should be supported 
3J" above the top of the buifsen •burner, which burner must be screened ^ 
from draughts by means of a cylinder ofawire gauze. The flask should rest 
on a square of asbestos, with a hole 1^" in di^^rnetpar.* The stem of the 
th«-mometer must be screened from coiweclion currents by means of* a 
square of cardbojfrd slipped over thg cork. • * 

An auxiliary thermometer should be sirspended within 3" of the thermo- 
meter, so as to giv'- the air temperature imimrliately surrounding its stem. 
The whole apparatus sHbuld be well protected from draughts. 

•The rate of boiling must be so regulated that the drqpl falliiig back from 
the rejlux condeiiijor do so at the uniform rate of one drop per second. 

The* most convenient way of regulating this rate is to employ a metro- 



118 


COKE-OVE^ AND BY-mODUCT 


WOKK^ 


CHEMIBTRY. 


nome. With thes^ precautions it is quite,, easy to obtain rapid observations 
.within one-tenth of a degrqe. 

Bqiling-Point Corrections , — It is of course necessary, on account of the 
changes in atmospheric pressure, to make corrections in the boiling-point. 
The relationship between the boiling-point of liquids to pressure is expressed 
by the equation 

AT = (760-j.) (273-f<)C, 


whore A T is the difierence between thc*obscrved boiling-point and the boiling- 
point at 760 mm. pressure, t is the boiling-point of the liquid; p is the 
atmospheric pressure reduced to 0" C., and C is a constant. 

The values of C are : — 

ForBenzehe 0*000121 

„ Toluene 0000120 

„ Xylene 0*0001 

Within the usual limits encountered, the mean value of this constani can 
be employed, and the following corrections, which have been determined from 
the above equation, will apply : — 


Pressure. 

Coi iTction 
to b(‘ made. 

PiessuiB. 

Correction 
to be made. 

Pressure. 

Correction 
to be made, 

770 

- 0*45 

759 

-f005 i 

748 

+ 0*55 

769 

-0-4 

758 

-f0*l ! 

747 

+ 0 6 

768 

- 0*35 

757 

-f015 

746 

+ 0 65 

767 

-0*3 

756 

+ 0-2 

745 

■'+0 7 

766 

- 0-25 

755 

-f0*2 

744 

+ 0*75 

765 

-0*2 

754 

+‘0*25 i 

743 

+ 0-8 

764 

-0.2 

753 

-f-0-3 1 

742 

+ 0*85 

763 

-0*15 

752 

-f0 35 

741 

,+0*9 

7(!2 

-0*1 

761 

-1-0*4 

740 , 

+ 0*9 

761 

-005. 

750 

-t-0 45 

739 

+0*95 

760 

0*0 

749 

+ 0*5 ' 

738 

+ 1-0 


Stem Correctimis . — As a portion of the stem of the the^'niometer has 
not been entirely surrounded by the vapour of the boiling liquid, another 
c correction is required before the true boilmg-point is obtained. The correc- 
t/'ons'‘’to bo added have been calculated from the formula 

u 

. ' ' "OOOQU3 (T-<)]Sr 

when T is the observed bofling-point, t the temperature of the stem outside 
flask, and N the'^length of the mercury column in degrees not heated by the 
vapour. ' ^ 

The following table embodies the values obtained and should be used 'for 
the purpose ftf making the necessary corrections, correction to the nearest 
0*0^* being taken ; — 
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;£-t 


N. 

50° 

60° 

7(/ 

80° 

90“ 

100° 

” 4 ” 

10 

0-07 

0-09 

0*10 

0-12 

j 

0-13 

0-14 

016 

20 

0-15 

017 

' 0 20 

0 23 

' 0'26 

0-29 

0-32 

m 

0-22 

0-26 

0-30 

0 34 

•0-39 

0-43 

0-48 

• 40 

0-29 

• 0'35 

0 40 

0^6 

i 0-52 

0-57 . 

0 63 

50 

0-36 

0-43 

0-50 
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; 0.65 

0-71 

0-79 

60 

0-43 

0-52 

0 60 

0 68 
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0-86 

0 95 

70 

0 50 

0-(i0 

0 70 

0-80 

, 0 91 

1-00 

ITO 

80 

0-57 

0 69 ^ 

^ 0 80 

0 91 

1 03 

114 

1-27 

90 

0-65 

0 77 

^ 0 90 

1-02 

, 1 17 

1 29 

1*42 

100 

0 72 

• " 

0-86 

l-OO 

1 14 - 

1-30. 

1 -43 

1-57 


Note on the Graph. — It will be noted tliat, ]|esides the black line 
running in a sloping direction and gradually becoming more curved as the 
percentage of toluene becomes less, there are horizontal red lines running 
across the graph. These represent percentages of benzene, and the graph, 
therefore, enables not only the percentage of toluene to be determined, but 
also the percentage of benzene. The sum of those percentages taken from 
100 will give*thc percentage of xylene. 

Conclusion . — ddie metliod above described is quick, is applicable to all 
commercial samples, gives results with an accuracy of 0 1 p(U’ cent., and is 
especially valuable for determining the purity of “ pure toluene.” It is, of 
course, only applicable to comiiiercial toluenes that have been washed free 
from phenqjs and urisaturated bodies. 


THE ESTIMATION OF XYLENE IN SOLVENT 
NAPHTHA.' 

MmiUl) OK SriELMANN AND JONKH. 

• ^ 

The dilliculty attendant* (Tli this estimation is due to the fact that xylene 
itself consists of three isomers of different boiling points and specific gravities, 
and that it exists as such in a complex ipixture of cumene, tri-metby I- benzenes, 
and other substances \jihich boil gradually up to 170" and o^er. Ft Ras 
been found that .if the benzene, toluene, and xylene be completely removed 
by careful and repeated fracti<*nation frojin different maks?B of solvent napb|ha 
and the fraction of the residue ^oilyig from 143”- 170” C. be examined jn ^ 
constant boiling point apparatus (such as ^.that devised by Northall- Laurie iiP 
connection with nis estimation of toluene) the constant /)oiiing point obtained 
scafcely varies with the different makes. « • * • 

Commercially ^u^B xylene, fractionated lyid collected between 13^” and 
143° C., gives in the same apparatus the constant Roiling point of 139T5°C. 

It becomes possible, therefore, from examination ^^f known mfxtureB of xylene 
with the 143"*- 170”(). /“Osidue, to constouct a curve by means of which the 
com^sition of •unknown similar mixtures may be found from their boiling 
points.^ 


1 J.S.CJ., 15th May 1917. 
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f r • 

100 c.c. (or ^00 c„c. if nucessarj, ^ f6r Colman’s anaJjsis) of solvent 
naphtha, accurately measured, is distilled over a young 12-pear head at the 
usual rate of one drop a second. The fractions up to 138“ C. and from 
138° C. - ITO^C. (all temperatures being corrected) are collected in separate 
cylinders and measured. 

The benzene, toluene, and xylene in the first fractions (up to 138" C.) are 
estimated by dolman’s mcthpds for examining toliiols and solvent napljtha. 
The xylene pi the 138“— 170° C. fraHion is evaluated br taking the boilings 
point in the constant boiling-pointr apparatus, and referring to graph 13. 

All possible care must b6 taken to get an accurate reading for the boiling 
point, corrections being made for barometric pressure, thermometer error, and 
unexposed stem, as is custom;i^/y in such determinations. A steady tempera- 



Graph 13. 


ture is usualjy attained after about 20 minutes’ boiling at such a rate that 
the liquid condensed from the vapour drops back ^from the end of the 
condenser at the uniform rate of one drop a second. After constancy is 
iitt^iikcd, there is a ^slow rise ip temperature on continued 
I' boiling, due, apparently, to the warming up*of the unexposed stem of the 
thermometer, and of the end of the reflux condenser. The accuracy of the 
boiling point curve may bo taken as + 1 T per cent., when the xylene content of 
thp 143 -170 C. fraction is abo^ve^'O per cent., but owing to the divergenca of 
boiling«point of the “ higher than xylenes there may be i,n u'Tor of more than 
± 2.2 per cent, when only^small quantities of xylene are present. As, however, 
the average quantity of xylejio in solvent naphtha is about 60 per cent., the 
region of the curve showing the maximum error will not* be employed iupractice. 

Determination pf the composition of mixtures of xylene with the 143^* — 
170 0 . residj^e from" three makes of s^olvent naphtha other than those frorp 
which the curve was constructed : * ^ 
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* • * 


1 

2 

3 


I^ken (Xylene %). 
. * 11-6 
* 29-3 

66-9 


Found (Xylene %). 
140 
28-8 
•65'r) 


For the sake of complateiiess, a full example is <(iven of the examination 
of sample of commercial solvent naphtha, including the corrections for 
iinexposed stem |^nd barometric prcssiiro, and their applications. 

The correction for unexposed stem may be obtained from the graph, 
(page 164). • 

The correction for barometric pressure is given by the equation : 

A 0-046 (760 -V). 

A i is the number of degrees to be added or subtracted according to si^, 
and isthi. corrected barometric pressure (corrected for temperature at the 
time of experiLaent). 

Jhmnph — 

Volume from distillation of 100 c.c. over a 12-pcar head up to 138°C. 
22-1 c.c. 

This 21 T c.c was mixed with 57-5 c.c. pure toluene and 2l)'4 c.c. pure 
benzene, and the mixture analysed by (Oilman’s method. The results 
indicated tl^at the 22-1 c.c. contained benzene, nil ; tobuuie, 6-2 c.c. ; xylene 
(by dilference), 15-9 c.c. 

Volume from distillation of 100 c.c. over 1 2-pear head from 138" to 170" C. 
= 69-7 cc. 

Boiling-point of this fraction — 


/Ibsorved reading .... 

-f thermometer error correction . 

-f barometric corrccyon (for 755 mm.) . 
-f unexposed stem correction 


-141-6M1. 

141-7'’C. ' 
= 141-9°0. 

= 143-25‘’(;. 


On reStrcnce to the curve the fraction is found to contain 67-2 pgr cent, 
xylene, corresponding to the corrected boiling point 14.3-25" 0., therefore total 

* • 69'7 

content of xylene in the ofi^nal solvent naphtha = 15-9-f x 6X'2 = 63 %. 


PKraJfln — An estimation of the proportion of paraffin associated with 
xylene may be made by the folloVing procedure, based, closely on* the ^ 
method of Wjlson amf Roberts.^ 

The quantity of the sample — 100 c.c. is gcnerallj^ sufficient — is distilled 
over a Young 12-pear head iit the nitc of one drop a s(H3ond, the ptfrtiop^ 
distilling between 138"-143"C. (corrected) being collected separately. ^10 Jo 
20 c.c. of this fraction is vigorously shftken for about ,40 minutes with 
tipfies the volume of weak oleum made by^mixirf^ one vohwnc of 22 per cent, 
oleum with two^olmmcs of 95 per tent, sulphuric acid. * 

The absorption of the aromati'c hydroc<4rbons*is carried out in a 100 c.c. 
flask, of which the neck is graduated into 10 c.c. and subdivided into lOth’s 
of a c.c.vfro»i the vuiu^nc mm-k upwards. Aft?T suflicieiit shaking, the'level 
oHhe liquid is driven up into the graduated neck by the addition of a further 
quantity of 95 per cent, sulphuric acid? 

* Gas Hecord^ Chica^'P ; J, Gas LigMing, 1916, 225-227. 
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After standing --preferably over night— the paraffin will be found to Ibe 
sharply separated. 

Example . — 100 c.c. of the solvent naphtha quoted above gave about 23 c.c. 
between 138“ and 143“ C , 20 c.c. of this fraction yield 2 '5 per cent, of paraffin 
residue. 

This is the quantity present in 20 c.c. of the xylene fraction, therefore, in 
63 c.c. of the xylene the quantity of xylene found in 100 c.c. of the solv(ent 


naphtha) therh is ^ x 2 5 == 8 per CQiit. of paraffin. 
20 <■ 


Therefore this particular sample of solvent naphtha contains 55 per cent, 
of xylene, together with 8 per cent, of associated naraffin. 


ESTIMATION OF THIOPHENE.^ 

Introduction.— The estimation of thiophene in benzene is a problem of 
importance to certain industries in which benzene is used. ' It has be(m found 
that aniline prepared from benzene containing thiophene rcsiiiifies much more 
readily than aniline prepared from thio{)hene-free benzene ; that the yield 
of resorcinol is much diminished unless only very little thiophene is present ; 
that much more resin is formed in aluminium chloride condensations if 
thiophene be present ; that thiophene acts in an inhibiting manner in certain 
other catalytic reactions. 

The published information on this matter is so scanty and contradictory 
that it was considered desirable to examine the methods closely. 

Methods. 

Four general methods have been suggested : (a) a volumetric method, in 
which cQulidencc is not aroused, amongst other reasons on account of the 
varying arbitrary factors to be used ; (l^) a colorimetric method,'^ which might 
work well if the thiophene present is measured by the blue factor in the tinto- 
meter and referred to a previously constructed standard scale ; (c) gravimetric 
method^A whereby a precipitate is obtained'with either basic mercurio sulphate 
or acetate (in the latter connection it must be remembered that the boiling 
toluene reacts with mercuric acetate, acetic acid bqhig set free ; but under the 
conditions of the estimation this reaction apparently does not interfere) ; 
(d) a method based on the rate of formation of a. precipibite under preso ’ibed 
cond\tiofis with basic mercurio sulphate.’^ 

Deniges’ niethod— heating the sample in a closed ves^sel with a solution of 
basic mercuric sulphate^ — causes the production of a precipitate not only 
with thiophene but with many other substances i^ccompanying it — for instance, 
cajbon disulphide,'^ and acetone,® using this method obtained a precipitate 
even with thiophene-f^ee benzene. • 

^ t^y Dercy E. Spielmanii, Ph.D., B.Sf , F.I.(’., and S. P. Schotz, D. Sc. Tech., B.Scu^ 
F.IC. c ' - - 

“ Deniges, 1S;9(), 862, 1064 ; A'ludysl, 1896, 21 , 297, 303. 

3 Schwalbe, 1915, 895. 

Qf Deniges; also of Dimroth ('Ber,, 1899, 32, 758) ; and of Paolini and Silherni»nu 
{Otnz. C/iem. Ital. 1915,^5, ]■{, SSS.) » " _ 

* Deniges, Bull So(i chim, 1915, 13 , 538. 

« Denigfis, BhU. Soc. chim. 1895, 13 , 538. ^ 

’ Deniges, Bull. Soc chim., 1915, 17 , 353." 

® Schwalbe, Z. filr Farbcn- ictuI Textil- Industrie, 1915, 4 , 113, 
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The use of mercuric acetate uftder various conditions has been studied by < 
several investigators. Dimroth refluxed 1 kg. benzene (with continued 
stirring) with a solution of 40*graffis of HgO, 300 c.c. HgO, and 40 c.c. * 
glacial acetic acid for | hr. A precipitate of C^H^S (HgO.OOCHg) HgOH is 
obtained. Schwalbe ^ examined the addition compound formed and found 
the sulphur content of the* precipitate to be much lower than it should have 
bcei^ according to Dimroth. Applying this method to pure benzene-thiophene, 
.mixtures he obtained too high results, 0 144 per cent, instead of *1 per 
cent; 0*662 per cent, instead of *4 perpenti 

Paolini and Silbermann attempted further improvements in this method, 
which were substantial but insufheient. They boiled a known quantity of the 
benzene under oxaminatio%with a sliglit excess*of a solution containing 1 part 
HgO, 2 parts glacial acetic acid, filtered, and washed the precipitate with 
ether. Our experience, however, has shown, that the mercuric acetate, which 
is so obtained, is very sparingly soluble in, and is slightly decomposed by, the 
commercial ether ordinarily in use ; so much so that a blank experiment 
which was carried out by us according to their instructions with thiophene- 
free benzene, after very thorough washing indicated? *50 per cent, thiophene. 
Therefore, according to this mode of working it is necessary to know before- 
hand closely approximately the (juantity of thiophene present in order to 
work with only a small excess of the precipitating solution, so that subsequent 
washing with ether should not take an excessive time. In practice when any- 
thing up to^2 per cent, (in very rare cases) may be present; a considerable 
excess of precipitating agent must always be present, so that it is only by 
chance that the correct proportions would be employed, sind only by chance, 
therefore, that a satisfactory analysis would result. 

In the examination of the gravimetric methods, tests were made with 
thigphene-free benzene to which thiophene (b.p. 84*-84*5'’ 0. (corr.) : sp. gr. 
(15*5“ C. V0703) was added in known quantities. It should be noted that 
owing to the large difierence between the molecular weights of the feacting 
substances, which join to form ar^addition compound, a deviation of 10 mg. 
in the weight of the precipitate obtained from 10 c.c. of a 1 per (;ent. solution 
of thiophene makes a difference ofc only O'Ol per cent, on the weight of 
thiophene fouiid- ' 

Deniges’ yitthod. — MethyU alcohol, free from acetone, when used as 
prescribed, gave an irnmedilftc yellow precipitate, altliough Deniges records 
that such a solution is stable for 5 to G houra Many attempts to find a 
stable solution failed. ^ , 

Ethyl Alcohol was tried by us in place of methyl alcohok Jn thi?i (?ase, 
too, a precipitatp was formed, and if the proportions of HgO, Ib^SO^, H 2 O and 
alcohol are such that the ^solution jjpmains clear, i4 no longer proj^erly 
dissolves the benzene. However, a^er the preliminary precipitate was formed* 
and filtered off, the resulting solution was stable, but for little more than aci 
hour only ; this time, however, was sufficient. This juodification was found 
to* cause the method to become sufficienyy reliable for use as a routine f^pst 
which has to I* dlirried out quJbkly, the mode of procedure being the 
following : — * 

20 c.c. of Deniges’ veagent (5 grams HgO, ,20 c.c. coiftentrated H^SO^, 
100 c.c. H.,0^ are mix^ with 60 c.c.^if absolute alcohol, shaken well, and 
filtered. The dear solution is at once mixed with 2 c.c. of* the benzole under 


1 Her., 190i>, 2208. 
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' ' * * . 
examination and is allowed to skind for 1 h(9ur with frequent shaking. After 
filtering through a Gooch filter or tared fiitcr paper the precipitate is washed 
till neutral to litmus, and 'dried for an hourkt 110-1 15° C. 

The weight of precipitate multiplied by the factor 0T032 gives the weight 
of thiophene present in the quantity of sample taken. The composition of 

\ 

the precipitate corresponds Ho llg, so that 1 gram 

• . : xHgo/ 

corresponds to = gram of thiophene. (Deniges gives = 

•1034). 

Usually thiophene is present in ])en/ol to an extent of not more than 
0’5 per cent., but if n^on! be present an increased quantity of the above 
reagent must be used. The results tend to be a little higli. 



Taken 


Fouilil 

Itcagciit. 

Alcohol. 

Tliioplicne. 

Tliioj>hen(: 

c.c. 

‘ c.c. 

% 

% 

20 

60 

0-052 

0*055 

30 

90 

0-52 

0*55 

15 

45 

0-52 

0*52 

30 

90 

1-07 

/ 0-99 
10*91 


Many experiments were made varying the proportions of reacting sub- 
stances, the temperature of their preparation and precipitation, time, and 
amount of shaking. The examples (juotcd may be taken as being typical for 
the best conditions of working, and although the difference shown is as much 
as 6'iper cent, of the quantity of thiophene taken, the practical errdr is 
negligi^ile. Tlie method is, however, much more erratic than a method to 
be described, and rc(juires some practice for successful working ; for these 
reasons it is the less desirable. 

Still another modification has been tried, which, however, was not success- 
ful. 2 c.c. of benzene was dissolved in 90 c.c. of alcohol, and.^30 c.c. of 
Deniges’ reagent was added and the mixture allowed to stand, *with frequent 
shaking, for I hour, or. longer if thought heces^a^y. Then about ^0 c.c. of 
20 per cent, sulpiiurie acid was added, and the mixture was shaken till the 
yellow colour of the precipitate had disappeared ; the residue was filtered off 
and treated as before. The results were found to be too high, viz. 1*35 per 
cent, and 1*15 per cent., instead of 1*07 percent., tlK3 deviation apparently 
resulting from the presence in the alcohol of some reacting bodies, which in 
the previous mode of |)rocedure were 'liltered off.* 

u Modified Basic Mercuric Sulphate Method (Recommended).— 

Ibis method, which gives very consistent results, consists of shaking the 
sample with an aj:pieOJS solution of basic mercuric sulphate in the cold. 
Under these conditions only thVophene and none of the accompanying 
substances react. The mo^^t important o^ those likely to inlerfere is carbon 
disulphide, and the following figures show that it takes no part in the 
reaction : — ‘ , 

Thiophene taken , 0*0220 gram = 1 -10 per cent. 

„ -f 5 pkr cent. GSg (on the vohu'ne 

of benzene used). 1*022 grams 1*10 per cent. 
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’When testing the method with an approximately 1 per cent, solution of 
hexylene (probably not quite purcj a trace of a yellow sub*stance, correspond- 
ing to less than 0*01 per cent, thiophene was obtifincd, which suggests that* 
the method may be applicable to crude benzoles. 

Mode of Application of the Method.— 2 c.c. of the benzole under 
examination and 20 c.c of Deniges’ reagent (sec below) are introduced into 
a s4^rong test tube (about g" x 6") well closed^ with a sound wet cork and 
placed in a shakyig machine for 3 hours (oven without shaking the reaction 
goes on to some extent). At the njid ©f that time, the white precipitate 
wliich is formed is filtered through a weighed •Gooch crucible, washed well 
with hot water till neutral to litmus, dried at 110“-115’ and weighed. 

The weight of the p.^cipitatc multiplied* by *0757 gives the weight of 
thiophene contained in the 2 c c. of benzole. 

The composition of the precipitate has been determined by Deniges, aed 
found to»agree with the formula 2(Hg(), llgSO^) so that the factor is, 

in this case ^ *0757. (Deniges gives *0758). 

Precautions to be observed : 

(1) Mdhing up the Reagent. — 20 c.c. of pure concentrated HgSO^ are 
poured into 100 c.c. of distilled water and 5 grams finely powdered 
mercuric oxide added and stirred until almost all has gone into solution. 
The soluti(tfi is then filtered, and can be kept in a stoppered bottle for an 
indefinite time without any signs of decomposition. 

(2) The Gooch crucible must be made up afresh for each experiment with 
good fibrous, specially purified asbestos, on top of which is placed a perforated* 
porcelain plate (Kahlbaum’s “ pure asbestos was found unsuitable for this 
puvpose). The prepared crucible must be dried in the same way before and 
after usiflg. 

On shaking for 5 to 6 hours even with only *02 gram thiophene, the 
results are very accurate. Wluhi shaking is continued only for 1 or 2 hours, 
the results are slightly lower : 

• 

2 hours shaking — taken thiophene: *02211 gram = 1*10 per ceift. 

fouiK^: ,• 02047 „ ^ = 1 '02 per cent. 

The results tend to be low to an extent of j^jout 8 per cent, of the larger 
quantity of thiophene taken, but here again this discrepancy js of no serious 
practical matter; it j^natters little whether 0*48 is found wken^0*52 peiT*cent.^ 
is actually pi-ei^ent ; or if 1*00 per cent, is found when 1*10 actually exists. 

This method, wdiich In^ been examined for the.*optimum conditions of 
accuracy, had led to the follo^'ing; observations ^ 

A quarter of an hour vigorous shaking carries the reaction to alYoutJSO 
per cent, of its course, whilst the next Ealf hour caij^eaiit to proceed to over 
dO per cent. : at least a full hour, however, ^ Jo be recoiiTmendcd. ^ 

The employment of larger Quantities of the sample and of, stronger 
mercury reagent led to diminished accuracy and*a great prolongation of the 
time necessary for washing, without any sufficient compoiTSating advantages. 

The m*ethod of H*aolini and Silhermann^ based on the use of basic 
mercuric acetate in glacial acetic acid — a mixture which is pasty at ordinary 
temperatures ^ - shows considerably /mechanical difficulties •^hich are due 
mamly to the nature of the precipitate, which is like a dough. The following 
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, ‘ j • r 

inode of working, onlj wlightly diH‘<ireiit fnjiii that of tho original workers, 
leads to considerably more trustworthy rdsnlts. 

** Modified Basic Mercuric Acetate: Method (Recommended).— 

4 gr&ms of IV-oliiii and Silbermann’s reagent (previously filtered) are 
introduced into a suitable test-tube to which 10 c.c. of the benzene under 
examination are added. The mixture is refluxed in a water bath for about 
;J hour with frequent shaking. When perfectly cooled the precipitate 
is filtered through a Gooch crucible, washed till neutral with water, and 
dried at 1 00' C. 

The weight of precipitate multiplied by 075 16 gives the weight of the 
thiophene in the (piantity of sample taken. 

E.r(Wtplef < — T. jj. 

Thiophene taken 1*06 1 ‘06 

found 1-01 0-99 

Tlie precipitate has a composition agreeing with tho fqrmiiila 

II II whereby the factor is 

a,H,().dIgG (JHg(t>H,()o 

\ 8 / 

obtained ^ -OTblG. 

11 18-57 

A considerable improvement was found in the use of water for washing in 
the place of ether as prescribed, but even so the washing for a single experi- 
ment takes a considerable time. 

On the whole the modified mercuric sulphate motliod is greatly to be 
preferred, because a stable reagent is being dealt with, there is notable 
absence of side reactions, it can be carried out successfully without any 
previous practice, and it is cap.-dde of high accuracy. 

Further references of value arc : — 

Deniges’ method (gravimetric). 

a.r. 1895, 120, 028, 781, 96;b C.r. 1908, 126, 1868. nnll. Soc. chim., 
1898, 19, 754. Analysl, 1895, 20, 188. 

Dimroth’s method. 

Schwalbe,. /ier. 1905, 2208. Liebernann Pleus, Ber. 1904, 37, 2461. 


* ESTIMATION OF CARBON DISULPHIDE. 

^ *' A CurncAL Examination or the Various Methods 

, ^ usually'^Employki).! 

Tack of sufficient information \is to the trustworthiness of the various 
known methods of estimating carbon disulpliide led the authors to examine 
them with regard to their relative value, the conditions of best results, and 
the limits of accuracy of each. 

The following methods have been examined : — 

1. Solution ill Alcoholic KOH, and elimination of w*ator-insoluble 
» Percy E. Spielniann, Ph.D., B.Sc., F.LC.,anfl F. Butler Jones,' B*. A., A.I.C"'' 
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•oils, by extraction with water, followed by subsequent treatment according to 
one of the following methods : — « 

(A) Clutmje in Specific (iravky. — In the case #f carbon disulphide being* 
extracted from another licpiid such as benzole, estimation c^.n also be* made 
by measurement of the change in specific gravity of the liquid before and 
after complete removal of the (JS 2 by means of alcoholic KOM. 

(B) Oxidation with Bromine. — The sulphur is oxidised to sulphuric acid, 
whfch is then estimated in the ordinary ,way as barium sulphate. 

(C) Acidificafion of the alkaline solution with acetic acid and estimation 
of xauthate as cuprous salt cither-^(a) voluipefrically, by titration with 
standard (huSO^ solution, using K^Fe((JN)^as indicator ; or (h) (jravimetrically^ 
by precipitation of cuppms xauthate by excess of (31180^ solution; the 
precipitate being either ‘“iiltered, washed and ignited to CuO ; or, again, 
volumtirically by decomposition by bromine or nitric acid, and the copper jn 
solution estimated by a volumetric method. 

2. PT-edpitation by Phenyl-Hydrazine of Idienyl Hydrazine 
Phenyl-Sulphocarbazidc. — (1) The potassium xauthate is ordinarily 

recommended to be prepariMl by means of absolute alcohol, but experiments 
showed that a considerable (juantity of water docs not inhibit its formation. 
Pure benzoic was freed from OS., and its specific gravity determined by 
moans of the specific gravity balance. 0‘4 per cent, vol./vol. of CS^ was 
then added and the specific gravity of the mixture was determined. Mixtures 
of alcohol and water were made up containing various percentages of alcohol 
(estimated 1/y determining the specific gravity), and these were used to prepare 
alcoholic potash of uniform KOH strength (approximately 10 percent.). A 
portion of the bonzene-OS., mixture was tlien shaken for 2 hours with (except , 
in one case) half its volume of alcoholic potash. The mixture was then 
washed five times with water, dried with calcium chloride, and its specific 
gravity determined. From a knowledge of the specific gravity the (putntity 
of (kSo removed could be determined. The results are summarised in the 
following table : — 



Strength 
ofMlcohol 
j>pr cttil 

Ratio 

Vol. of Benzene 
Vol of Alcoholic 

^Sp. (ir. 
Benzene + 

0 4 per coni. 

Sp. Or. after 
treatment. 

8p. Or. fi'pp 
from CSg. 

Per cent, 
oil Total 
Mixture. 

0-45 


by Volinr)“ 

90-1 

KOH.^ 

2 

• 08... 

()-88fil 

• 

0*8844 

0*88.44 

(2) 

8fl'G 

2 


0 8845 

0-8814 

•0*4 

(3) 

8b;t) 

• 2 

0-cH«61 

0-8845 

0-8844 

0*4 

0) 

77-5 ' 

2 . 

0 -s.sgi 

0-8845 « 

0 8844 

0-4 

(-'5) ; 

69 f) 

2 

0-88G1 j 

0 8846 

0 8844 

0**4 

(C) 

49-8 

2 

5-88G2 ! 

0*8848 

0*8844 

0-35: 

, 1 

8 

2 

0-8863 

0-8852. < 

• • _ 

* 0-8844 

0*25 

'*(8) 

48-8 ^ 

• 2 

0 8874* 

* 0-8861 

0 8844 

i 0 3S 

(f) 

G-7 

05 

■(')-88G2 ^ 

0-8«54 

' i 

— r 

0*8844 

J 

0*2 

- - ~ 


N(». 8 and 9 do not belong to' the serms 1-7. No. 8 was carried out on a 
mixture somewhat richer in carbon disulphide in ordar to ascertain what 
(|uant^y of the kitter substance was removed by alcoholic potash approxi- 
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mately the same in strength as that ineij, tinned in No. 0; otherwise -.the 
conditions were eJ^actly ' tiio same as in flie series 1-7. It is noteworthy 
that the same quantity ofuearhon disulphido» was removed, leaving of course 
a grej?>ter quantity una])S()rbed than in the case of No. 6. 

The purpose of No. 9 was to find out whether alcoholic potash made with 
alcohol as weak as 7 per cent, by vol. would react at all with carbon disulphide. 
A much lar^j^er proportion of the alcoholic solution was therefore taken (2 vols. 
of alcoholic K()H to 1 vol. of benzpnc-(kS^, mixture instead of J: 1), ancf the 
actuality of reaction was substantiated. It is seen, theretbfe, that alcohol as' 
low as 70 per cent, can be ^nsed with safety in the jiroportions recommended, 
and that alcohol, as weak as even 7 per cent, by volume (when made into 10 
per cent, alcoholic KOH) will sutiice to remove some (ISy from benzene, so 
that the natural conclusion is that if siifHcient treatment is given, alcoholic 
potash made up with almost any strength of alcohol will remove all the OS,^. 

Parallel experiments using alcoholic soda showed that its efficiency in 
removing the carbon bisulphide from admixture with benzene is equal to 
that of alcoholic potash. ' " 



Per c('iit. of 

S]i gr. before 

8p. g)-. after 

Per cent. CS.j 

Per cent. CS., 


Alcoliol by vol 

Exlractioii. 

Extraction. 

Present. 

Removed, 

(1) 

90 

O-SSrnS 

0 8839 

0 53 

0-33 

(^) 

92 

O-.SHbS 

0 8839 

0 33 

0-33 

(•■*) 

8() 

0 88.38 

0 8839 

0 33 

0-33 

0) 

79 

0-88.38 

0-8839 

0 33 

0 3.3 

(•>) 

71 

0-8838 

' 0 8839 

0 3.3 

0-33 

(C) 

49 

0-88G1 

i 0-8833 

' o-f;.3 

0 20 

0 ) 

i 

33 j 

0-8801 

0-883{) 

0 03 

0 13 

Two check 

experiments using alcohol n 

! potash gave : 

— 

(«), 

9G 

0 88.38 

0-8839 

0-3.3 

1 0-33 

(!*) 

30 

0-8838 

0-8848 

0-33 

0-25 


(lA) (Ihduye in Specific Uravliif — The degree of aciairacy depends upon 
that of the specific gravity measurements. Por ben/cne-carbor disulphide 
mixtures, if the s])ecific gravities are measured to the fourth decimal place 
about 0'(I3 per cent, can be apjireciatcd. 

(IP) Oxidation with Urominc^ — It was already known that this method 
was accurate, and for tfiis reason exhaustive experiments were not made. 
It ,w^s fouiid, however, that two precautions have to be observed: (i.) a 
good excess of potasli must be used in order that plenty of hypobromito 
may be formed with tlic bromine and that the latter must also be added in 
large excess since a certain (piantit'y of ethyl-bromide is formed; (ii.) the 
mixture with bromine should be allowed to stand for at least an hour at 
ordinary temperatift’e, otherwise oxidation may be incomplete. The figures 
given below illustrate ulie degree of accuracy obtained : - 

Taken. Found. 

0'231 0 230 ^ 

/V A 0 1 A f incomplete oxidation due to neglect 

‘ ( of conditiqns (a) and {h). 

0-U81 ' 0-080 ‘ ‘ . 

P Allen’s Commercial Organic Analysis. Revised edition, vol. iii. pp. 227-228. 
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The authors have not fully Examined tlie nietl^od of Stavoriiius,^ which 
consists of oxidising potassium xiAithate witli hydrogen peroxide, A pre- 
liminary examination showed thii't it offers little advantage over the liromine * 
oxidation method, and has the disadvantage of reipiiring the central hydrogen 
peroxide, a relatively large quantity of alcohol in the preparation of the sodium 
hydroxide solution, and the necessitj^ for a blank of all reagents for sulphate. 

iW)a. Volumetric luethod - --T\w method of titration of the xanthate 
^solution with shyid-ird N/IO CuSO^ sohition was found to give uncertain 
results. These were ultimately tracc^tHn part to the eflect of excess of acetic 
acid used. With a large excess of acetic acid, the* end point was very variable, 
even when care was taken to exclude extraneous substances such as benzene 
from the liquid being tita^ated ; whereas whew the excess of free acetic acid 
was but slight, closeu’ results were obtained. 

The potassium ferrocyanidc, which is usually ejnployed as an extcriml 
indicator, either in drops on a waxed plate or as a spot on filter paper, can 
also be used internally, (hiprous xanthati'- is only slowdy decomposed by 
potassium ferrocyanKh!, and as the change in the colour of the mixture from 
yellow to brownish is ahqut as sharp as the change ir colour of the drops on a 
plate, the internal indicator is to be preferred. 

The copper standard was calculated assuming the theoretical ratio 
Cu : 2CSo for the reaction. (Tor N/10 CuSt)^, 1 c.c. =0’007() gram of CS 2 .) 


E.\c 0 tfs of acetic acid. 

0.^ 

'J aken. 

Koimd. 

I’cr cent cnor. 

Very large 

•25.3 

233 

nil 


•2.0.3 

•209 

- 17’4 



•2.3.5 


yy 


— 1 i 

Slight 

074 

074 

nil 


•074 

•079 

1 + ().8 • 

Very large 


•133 

1 - 3‘9 


It will be noticed that whereas the* results in two cases are quite good, the 
majority vfere unsatisfactory ; the correct results are probably to be aficribed 
to chaiijco. llicse figures are clqsely parallel with those obtained by Mr E. 
G. G. Wheeler of the J) E.^5.*laboratory, during the working out of a method 
of analysis of benzoles. Even with the prccautiyns mentioned the method is 
an uilUesirablc one, both on account of this uncertainty and of^the end point 
not being very sensitive. It is advisable that the end pointt should be (teter- , 
mined by a bjauk test under working conditions. Possibly, the rate at which 
the copper solution is added ^s an impeytant factor, quantity of acetic 

acid required to produce slight acidity can be found by titrating a knowq, 
volume of the xanthate solution with the dilute acetic acid that is to b^ us8d 
for acidification, it being found preferable to employ ^liUn us or phenolphtha- 
Iqjn as indicator. ^ ^ 

(1C) 6. Grai^mek-ic method. — As in the case of the titration metluad it was 
found that the estimation of coppef in the jA'ecipitmted cuprous xanthate gave 
quite variable results, and conditions of preci^jitation coukl not be found by 
which good accuracy c«uld be attainei^ The author's results agree suBstan- 
tidly wuth th§ observations of E. S. Johnson.- , 

'* sT. Oai^bcUuclitung, 49, 8 ^Chem. Zentr., 1916,*!, 706. * 

^*Jour. Amer, Chem. Soc., xxviii, p. 1209. 
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OS. 


Dilfcr- 

’cr Cent. 

Method of 


I'jvcesb of 

Eveehs of 

Time of 

1 

Estlniatioii 

It 

Acetic Acid. 

Jopper Salt. 

StandniR 

Taken 

Eound 1 

011 CO. 

Erroi'. 

of Copper. 

1. 

very liuge 

V(*iy large. 

"Ih hours 

•308 I 

•304 ' 

- -004 

- 3 2 

Ignition 
to O'lO 

2. 



"U .1^ ‘ 

•138 1 

•120 

- 018 

-13-0 

,, 

3. 

4. 



> »r 

c 4 „ 

•138 
*•138 1 

•137 

•134 

- 001 ‘ 
- -004 

- 0-72 

- 2-9 


r». 

) :: ;; 


’'4 ,, 

•138 I 

134 , 

-004 

- 2-9 

,, 

(). 



f'i ,, 

•138 1 

•133 1 

- -005 

- 3-62 

n 

7. 



21 " ,. 

•138 

•137 

-•001 

- 0 73 

,, 

8. 

large (about 


28 ,, 

275 

■232 j 

013 

- 4 73 

, , 

9. 

>5 )’ 

22 „ 

•275 

•291 1 

+ -016 

j 5-82 



li.ilf above) 




1 


+ 5-82 


10. 

large (.same 
ati 9) 

veiy largo 

.. 

23 ,, 

•275 1 

i 

•201 ; 

1 -016 


11. 

12 


22^ ,, 

23 ,, 

•275 i 
•275 i 

-277 ; 
•282 ! 

1 *002 
+ ‘007 

+ 0*73 

1 2 .55 

- 

13. 



23 „ 

•275 ! 

•286 

-t- -01 1 

-1- 4 00 

M 

14. 

(neul added 

,, n 

23 ,, 

•275 i 

308 

+ '033 

4 12-00 



to mixture 



i 



1 



of coiipei 
solution 





1 

i 

1 



and Xan- 








15. 

tbate) 
vciy largo ; 
{X.iiithiite 
added to 


48t ,, 

•278 

•321 

1 -043 

; 15*5 

By iodine 



1 

1 




e(jui valent 
with thio. 


mixture of 
cop j ter sol 
utioii and 



I 



1 


16. 

,aeid) 

1 ” ” 

, 

22' ,, 

•278 

•209 

1 

1 -021 

+ 7‘5^\ 

By tbiocy- 
* auic acid 






1 

1 


equiva- 
lent with 
KMn 04 

17. 

) „ „ 


22 ,, 

•278 

•304 

I +-026 

1 0*36 

, , 

18. 

Ht’l used 111 


20 ,, 

•278 

' -3*.:) 

i |-•067 

1 22-5 

,, 

19. 


, 22 „ 

•278 

I -315 

+ •037 

1 13 -31 



large excess 
with kirge 







‘ 

e 

cxce.s^ of 
Na., SO., 






'+ 1-23 

1 

20. 

very little 

Sip all 

17?i „ 

•081 

•0,82 

+ -001 

i } 

4 

ace lie arid 


*1 



+ 2-47 
- 6-15 


c21. 

*^22. 

negligible 

t 

18 „ 

7 days^ 

•Ota 

•081 

'•083 

•076 

• f 002 
- -005 

Ignition 
to CuO 

23. 

t 

nil 

i 

«> j , J 

*1 9 Jioi^rs 

•081 

•081 

nil 

nil 

Thiocy- 

anicacid 




* 

t 




equiva- 



4 






lent with 


1 

i 

] 

.._i 





KMnOj 
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Although some of the, actual results are apparently very close to the truth 
it must be remembered that the*greatest significance lies in the percentage 
error, and that if the quantities are aliquot parts* which have to bo multiplie'd 
up, the absolute errors may become considerable. It ifcas observed that • 
rather more accurate results were obtained when the quantity of precipitate 
was small. • 

• In experiments I to 12 a known volume of xanthate was acidified with the 
acetic acid, anch the copper solution iftided immediately afterwards. It was 
thought, however, tliat owing to itSogreafc instability the xanthic acid set free 
might decompose to an appreciable extent before thorough admixture with 
the copper solution could take place. For this reason in the remainder of 
the experiments the xa%thate was added with stirring to an excess of copper 
solution and acetic acid already mixed. 

It was noticed tliat when a short time was allowed for precipitation (I to 6 
hours) a fiirther minute quantity of precipitate separated from the filtrate on 
standing. ]’>, every case the mother liquor above the precipitate remained 
very cloudy for some hours after precipitation, but became clear after about 
four hours standing, with occasional stirring. Tho coagulation was hastened 
by vigorous and prolonged stirring. 

The reaction between copper sulphate and xanthic acid takes place in two 
stages: (1) the production of cupric xanthate, and (2) the decomposition of 
this into cuprous xanthate and xanthogen disulphide (dixanthogen) : 

• 2(IbS.C.OCJl5) + CuSO, = Cu(S.C.OCJi3), + 

II '' |i “ ' 

S 8 

(hipric Xanthate. 


The cupric xanthate first formed is a brown body, which very ijuickly 
docomp(i«es into a bright yellow cuprous xanthate : 

S 


20u(S.C.()CJF)., = Cm,(S.C.(>O.^Hj,), + S.(l.OC,H5 

H ‘ “ II 

S S.C.OC.H5 

Cuprous li^ 

Xanthate • ^ 

Xanthogen 
• Disulphide. 


The above results, both volumetric and gravimetric, indicated -that thq 
cuprous xanthate was not and could not be obtained pure, the percentage 
of copper being in most causes too lii^h. A possibly explanation is that the 
xanthate (or ethyl potassiuifi dithio-oxycarbonatc) is partially hydronsed ,pi 
the alkaline aqueous solution during ex^traction : 

SK Six 

S = C + HO^JS = C,+ C,I\50H. 

\ 

OC2H5 OJv 

• 

The dithio-ojfycarb'" nic acid (set free in the presence pf acid) would then 
yiejd a copper, alt containing more qfipper than the xifnthato** 

lb is unlikefy that the high copper content of the precipitate is due in 
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all cases to the adsorptioi^ of soluble coppeP salts, since the results are hij^h 
even when these are in very slight excess ; 'but it is very probable that' the 
abnormally high results obtriined, in some cases, with larger excess of copper 
solutioi^ are at IcfBct in part to be ascribed to adsorption. 

The suggestion that the high results arc due to the formation of CuS or 
CuSOj on ignition of the xanthato is contradicted by the fact that liigh 
results are also obtained wheii thc copper is estimated voliimotrically. <1 

JVote. — In order to avoid the poslsible action of aquaou,^* alkali on the 
xanthatc and also to prevent the escap,e. of xanthic acid from reaction with 
the acidified copper-sulphate ‘solution, the benzenc-alcohol-sodium hydroxide 
solution was shaken directly with the acidified copper sulphate solution, 
whereby copper xanthate was. immediately formed. This mode of pre- 
cipitation failed owing to mechanical troubles of collection and filtration of 
the precipitate in pn‘senc^i of two such liquids as benzene and water. 

Detailed experiments were not carried out with the estimation, of the 
residual copper in solution after the precipitation of copper :yanthate, as it 
was found that, whether copper sulphate or acetate were used, the precipitate 
was not very constant in c^unposition, so that the remaining excess of copper 
would also be inconstant. 

(2) r revipitation hy meana of P]iei(yh]iyd’ra::ine — This method has nothing 
to recommend it excejit as a (juabtative test of inferior value. The authors 
disagree entirely with Hay, whose (piantitative method was dependent on the 
sparing solubility of the precipitated substance in benzene. They Jound that 
no quantitative results were possible owing to the fact that the so-called 
'^sparing ” solubility is far too high to permit washing uith benzene. The 
'solubility in that liquid was repeatedly demonstrated, and after the trial of 
several other liquids, namely, ether, chloroform, alcohol and light })etroleum 
(the last failing to dissolve, apparently, either the precipitate or phenyl- 
hydrazine, and therefore being useless for separating the two), thoi methdd 
was finally abandoned. 

The methods of Holland and Phillips^ ijrrad of Goldberg ^ have not been 
examined, as they depend on heating the material containing carbon disulphide 
in a sealed tube, in the one case with aqueous ammonia and ferric chloride, 
and in ' the other with aqueous or alcoholic ammonia. In bqth cases the 
subsequent treatment described is comparatively laborious. 

Neither method can be considered as convenient or more accurate than 
the extraction as xanthate an/1 oxidation of this with bromine. 

Experimenjis were made to ascertain if a better method of analysis could 
,be se^ju^■ed by, means of lead xanthate. 'this salt was ppcipitated by adding 
a solution of potassium xanthate to an excess of lead acetate solution contain- 
ing m^ore than sufficient free acetic ackj to neutralise the alkali in the solution 
the xanthate added. A pale yellow, finejy di'/ided precipitate is produced, 
col.gufating on stirring into veiy large flocks which break down on standing 
into much smaller pat.'ti 9 les. 

JThe liquid cleaU;} quickly (in H5(to 20 minutes) if a fair excess of acetic 
acid is present. ' ' t 

The precipitated substa'nce is \nainly Pb(SCSOC 2 H 5 ) 2 , but it is not quite 
pure. ^ Since it ddcomposes sl^owly at temperatures ubove about 50” C. and 
cannot, therefore, be dried quickly, it is not convenieiLt to mak6 tho direct 
weighing of this substance the basis of a method of anal’""’" 

1 J.S.C.L, 1884, 2, 296. 

® Z. angew. Oiem.f 1899, 42, 76, 
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The quantity of lend contained in the crude ^recipjtate from a known 
amount of xanthate was estimsJled in two cases by conversion into lead 
sulphate. In each case the quantity of lead sulphate found was about 4 per 
cent, lower than that calculated from the quantity of carbofi disulphi(fe in the 
xanthate. 

Iheoretically 1 gram of lead sulphate is equivalent to 0'5015 gram of 
c^frbon disulphide (assuming pure Pb(SCSOC^H*g)., to be formed), and this 
factor was used*in calculating the folloVhig results*^:— 



Wt. of I’l)80^ Taken. Found Pct cent. enor. 

0-2900 -1454 -llfll ' -IPS 

0-2875 -1442 -151 1 - 4-6 

It was found that lead xanthate is soluble in certain organic solvents, including 
benzene, etliei-, acd;onc, and carbon disulphide. A quantity of the substance 
was prepared by precipitation as above and was purified by crystallisation 
from benzene, it separated from this and from other solvents in long slender 
needles of pale yellow colour, grouped in star-like forms. A brown residue of 
impurity remained undissolved by the benzene, but this was not further 
examined. The crystals were allowed to dry by exjiosure to air. 

The solubility at ordinary temperature of the crystalline substances in 
benzene, iit acetone, and in carbon disulphide was determined. 

Solvent. T( in|K*iatuio 

Benzene . . 18-2° C. 

Acetone . . ]8’5°(t 

Canxiri Disulphide 

The percentage of lead in*the crystals was determined by dissolving a 
weighed quantity in nitric acid, evaporating with sulphuric acid to remove 
all trace* of nitric acid, diluting with water, and adding twice the vplume of 
alcohol. Tift mixture was allowed to stand for 3 to 4 liours, and was then 
filtered through a C4oocji|>filter,*the lead sulphate being well washed with a 
mixture of alcohol with a little water, ignited and weighed. 

i^he percentage of lead found was 45-6 against the theoretical 46-1, a 
result sufficiently accurate to prove the composition of the iijubstance to be 
Pb(SCSOC,H5).,. “ . • 


Solululity (t;rains ])cr fOO c.e 
of saturated solution). 

•85 

•71 

•38 
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5()ME CONSTITUENTS OF COAL TAR 
AND THEIR PROPEillTIES 

(“ Ubor scltoiK'i'e and aiis Stoinkcliltcor ” — W k<4EII, 

Zelfschr{fl fur nuijvuHunUv CJu'iniCy xxii. 1. pp. 3’ks, ;PJl) 


A THANSLATION 

WITH ADDITIONS AND OTHER MODIEICATIONS 


JiY 

VKliOY EDWIN SPJEl.MANN 

rii J) (Brile), 15 I'M <’ , A KC Sc 


JL)r Spiclmaiiii has revisnd tlie followinf; T\ppcndix since its first 
appearance, when circulated privately from tlie 1).E.?5. of 
Ministry of Mimitions. 




SOME CONSTlTUEN'lfe OP COAL TAli. AN4 THEIK 
PUCfPERTIES. 


The three to four hundred substances which have been f(iund in coftf tar 
— of which only about 150 liave been estimated, and only 90 have been 
definitely isolated — can be* divided into a number of classes according to 
theit constitution and behaviour. 

^ These are, braadly, neutral bodies, afcid oils, and basic substances. Each 
of these are characterised by the absewye or presence of oxygen, sulphur and 
nitrogen, which may form part of the aromatic* ring, or bo attached to it. 
Further, the fundamental ring may consist of a G-mcmbcred ring, exempli- 
fied by benzene, toluene^ and pyridene, whial) may be multiplied, giving 
naphthalene, phenanthrene, truxeno, and others ; of a 5-mcmbcred ring, 
represented by cyclopentadiene, tliiophene, etc., whilst a combination. of tk© 
two— coutnsrone, hydrindcnc, etc.— is to be found. The 4-membered ring 
is not represented. 

A certain number of less important substances may also be identified, of 
which many arc not of the aromatic class of bodies. * 

It is remarkable that out of the large number of substances present in 
tar, only four have been obtained pure on the large scale, namely, benzene, 
toluene, naphthalene and phenol ; whilst of others of which large use is made, 
the xylenes and cresols are employed in the form of mixtures of their 
homologue^ ; or a whole vseries of homologous hydrocarbons may be used, 
such as those that constitute solvent naplitha, etc. 

Some of the sulphur, oxygen and nitrogen compounds are left remaining 
in the particular mixture of hydrocarbons in which they occur, but others « 
have to be removed by further treatment, such as acetone, acetophenone, 
cumarone, biphenylene oxide, etc. ; thiophene, thiotolene, thiocouinaronc ; 
iiitriles, pyrrole, carbozolc, etc. 

The isolation of these coal-tar substances on the small scale "may be 
effected by methods used in the works, but in addition to these, the following 
reactions have been employed : sulphonation and recrystallisation of the 
sulphonic acids or their salts, followed by decomposition of the acids ^ or 
their fraction!^ decomposition;^ precipitation by means of picric acM, and 
decomposition 0 ** the pierates;*^ polymerisation and depolymerisation; and, 
finally, recrystallisation frfau benzene, iiyridiiu', alcohol, etc. 

Ii^the following considerations of the {)-'inc)itlered riny hydrovarhoiiB the 
latter are best looked upon as bcii^g formed by the union yf three ^^ 2^2 
groups, each of which ^uiay. be replaced by one or more C^^H 4 groyps. 

C^ir, C2M2 Cell 4 ^’2^2 

\ / \ • / • \ / • \ /- 


\ / 

\ r • 

\ / 

\ / 

C,H, 

(’.Ho 

CJL 

CeH^ 

/\ 

1 1 

a a 

'rri'- 



'\/' 



\_„v 
/ \ 


A a 


• \ / 

BMtzoffe r 

• N!i])htlialcne 1 

► PlienaiithreiK' 

Tri]»h('i)y]ene 


Cjo^s 

thillio 



1 Kc1>.e, Bcr , 19, 02. * ' " Rascliig, 1). h. V. l’ 4,975. 

® A.-G, far Teer- uiul Erdob Industrie, D,R.P. 53,792, 
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The following^ details should be rioted in coimection with systematic 
nomenclature. The termination -eiie (behzcnc, toluene, etc.) is reserved for 
the chemically pure substance ; -ole (benzole, toluole, etc.) for the commercial 
product ; -o! is the Clerman termination for both of the above classes of sub- 
stances The latter is objectionable as being unnecessary and also in causing 
confusion, as it is properly reserved for the aVco/m/ group (pheno/, not 
pheno^r). , * 

Benzenp — H,; ; b.p. 80-3“ (1. s.[). b -18" (J. ; specifyc gravity (15-5“ C.) ; > 

0-885-— can be obtained l)y washhig y,. product, chosen for its purity from 
paraffin, with a small (piantiYy of strong 11 in order to remove thiophene. 
Complete freedom from paraffin is unusual. 

Benzole — The pure benrolc of commerce, Ifnown as “ erystallisable 
benzole,’’ specihe gravity (15*5“ 0.) ; 0 881 (average) ; b.]). 80*3 C 

(vO‘25)“C. (average) ; tS ]). 5“ C. (average) -still contains thiopliene and 
carbon disulphide as well as traces of toluene, paraffin, etc. • « 

The (puintity of thiophene in benzole, according to^ V Mcycr,^ reaches 
0 5 per cent., “since bonzoli^ contains 0 2 j)cr cent oi sidplinr.” ddiis is 
incorrect, as Moyer appf.rently took no aiaamnt of the eoiitent of carbon 
disulpliido in benzole, wiiereby the (piantity of thiopliene is caused to be 
estirimted much too liigli, since his metliod of analysis, by heating siv days 
with fuming nitric acid, causes carbon disulphide to lie attacked 

The content of thiophone in bcir/ole can be ascertained by titration by 
Deniges’ method," which is based on the jieculiarity of thiophen/i to become 
added to basic mercuric sulpliate; but Dimroth^ probably obtains more 
accurate results by employing mercuric acetate, even though Schwallie,'^ who 
buds that Deniges’ method gives rise to a jirecipitate even with thiophenc- 
frec benzole, states that Dimroth’s method also gives too high results. 
Sch\yalbe recommends a calorimetric eom])arison with known mixtures of 
pure thiophene and pure benzene.^ 'riie [iroportion of thio[)hei*ie in thift 
(piality of benzole seldom rises above 0’3 ])(‘r la^nt. 

Usually only a qualitative test for thio^ihene is made, by means of the 
indophenin reaction (isatine and sulphuric acid) and by the Jjieberniann 
reaction (concentrated sulphuric acid coutaining nitrous achl) *’ ^ The first 
reaction is considerably the sluirper.’^ . 

Thiophene-free benzole is also an artich of c.omuHjice, aiu^ is obtufiiicd by 
thorough washing of the ordinary benzole with sulfihuric acid. 

The quantity of carbon disulphide present in pure benzole seldom reaches 
0*2 per cent., Since the carbon disuljihide is known to react with ammonia 
to forln ammonium thiocyanate and ammonium sulphide, and also with 
alcoholic potash to form potassium xanthate, these reactions can be employed 
for ifs removal from tke benzoic. The last iiam^id method can be employed 
ffpr qjiantitative estimation by titration with copper sulphate, or by difference 
in specific gravity found before and after the extraction. ^ 

For many purposes, the presence of carbon disulphide is of no importance; 
but when benzole' is used as d sedvont during chemical reactions, attention 
must bd given as to whether carbon disulphide will be harmfeil or not. 

^ Ber., 16, 1465! * Sor. cJum , 15, 10G4 ; Cvmpl. rend , 120, 628, 791. 

^ Ber., 32, 658. ^ Chem. 2.9, 89.5. < 

^ See also Spiehnann and Sehotz, Juur. Soc. Chem, Ind., 1919. 

' e 5cr., 16,g473 ;'20, 3231. 

^ Schwalbe, Ber,, 87, 324 ; and Liehevma'iin and Pleus, Ber , 37, 2?‘ul 
® See also Spielmann and Butler Jones, Jour. Sac. Chem. Ind., 1919, 
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. Commercially pure benzol is the raw material for tjie prqjluction of moDO- 
and diiiitro-benzene, which finds eijijftoyment as sucl^ or after rediiction ; also 
of the mono- and di-siilphonic acids, from which phenol and resorcinol are 
produced synthetically. * • 

90% Benzole. — By far the greater (piantity of benzole, however, is not 
obtained as the commerciaHy pure substance, but as a mixture with about 
i5-2t) per cent, toluole and some xylole. In thi^ form it is employed as a 
Solvent for extraclftoxis in the linoleum and varnish industries in rubber 
h^anufacture ; for extracting fat from^bofies; as fuel for stationary and 
automobile motors ; for carburetting coal and witter gas ; and as a burning 
material in specially constnicted lamps (Denayrouze patent). 

“Standard” Benzole, distilling 95 per f;ent. at 90° C., including not 
more than 7 c.c. below 80° C., is a quality demanded by the Covernment 
under conditions of war. A liquid of this characto^i contains 7 per* cent* 
toluene, aftd^is suitable for the same purposes as the 90’s benzole. 

Benzole, as well as, toluole and xylole, affords an excellent means for the 
removal of water from other bodies, and is employed in the determination of 
water in tar, naphthalene, cellulose compounds, butter, sausage, etc., also in 
the removal of water from alcohol. ^ 

Toluene — 0,;H^(dljj; b.p. 110‘8°c. ; f.p. — 92’4 C. ; specific gravity 
(15*5° (J.) : 0 872 — can be obtained from certain makes of tolnole, in the same 
way as benzene from benzole. 

Toluole -•-commercially pure: b.p. 110*8 ( ± *25)° C. (average); f.p. 
-90°C. (average); specific gravity (15-5°C.): 0-870 (average)— contains 
traces of benzole, xylole, paraffin and thiotolcno. The latter can be 
identified by the Laubenheimer action, for which the following procedure 
and proportions are to be recommended 3 c.c. of a concentrated solution 
of pjjienanthraipiinone in glacial acetic acid are poured into a cylinder pon- 
tai.iing l(f c.c. of the toluole to be tested. 1-5 c.c. of strong sulphuric 
acid are added, and reaction is continuously brought about by gentle i^liaking 
under a stream of cooling water. •The formation of a green colour indicates 
the probable ])rcsence of thiotolene. This is confirmed by careful dilution 
with 3-5 c.t^ of water, cooling the wifilc, removal of the top layer and shaking 
out the lower ^acid) layer, with an C()ual volume or more of ether. * The 
upper other layer will beeomg colonft-ed like bluish red ^vine. It is important 
that no appreciable heating* takes place during the reactions of the test. 

Toluene is employed in the explosives industt-y (trinitrotoluene), in the 
preparation of toluidine, benzyl chloride, benzyldehydc, sacchaiine, etc., and 
in the synthesis of indif^o. Toluene free from thiotolcno is al!?o agi indhstfial 
product. * » 

Xylene, 0,iH^,(CH.,).„ exisPs in three i«omeric forms: ^r^/m-,b.]). 142-1 4^°C.; 
ni.p. -28 to -28’5°Cr; sp.gr.* (1545° C.) : 0*8682; meia-, b.p. 139“C.; m.p. . 
-54-8°C. ; sp. gr. (15-5°C.) : 0-8691 ; para.-, b.p. 138-5°C. ; imp. 15°C. ; sp. gi* 
(15‘5° C.) : 0-8()61. The three isomers occur in goal ti^r i?i somewhat varying 
proportions, but the following may Ije takeA a^ average figiA-es (after the aijid 
washing necessai^ for purification) i 10-16 j)er cent, ortlmxylene, 70-^75 per 
^ cent, metaxylene, 20-25 per cent, paraxylene. 

Xylole— b.p. 13h- i 13° C. ^'as nearly as possiljle) ; sp. gr.^l5-5° C.) : 0^-866 
(average j — consists of \ mixtiire of the three isomers containing about 60 
per cent. metaAyleno, 10 25 per cent, j^irtho- and para-xylene, together with 


i S. Young D,U.P. 142,502, 
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ethyl benzene, and snjialler quantities ol trimethyl benzene, paraffin,’ and 
thioxene. t 

Xylole is used in the preparation of nitro-xyleiie, and is employed in a 
small quantity »for the removal of naphthalene stoppages in gas pipes. 

Tile separation of the three isomers can be effected by the formation of 
their sulphoiiic acids, whereby the meta-compound is more easily obtained 
(and is therefore the cheapest), whilst the ortho-compound is the most difficult 
to obtain pure. Para-xylene solidifies at -f 15°0., andf cem therefore be re» 
moved by repeated solidification. ^ 

No satisfactory method for the a,nalytical determinations of the three 
isomers has yet been worked out. An indication of the composition of xylole 
can be obtained by conversi*an into a mixture cA xylidines of known com- 
position ; but this method is troubl(;somc and only applicable in certain 
cases.. ^ 

The presence of para-xylole can be ascertained by treatment evith small 
quantities of bromine, whereby para-\ylene bromide is pr^icipitated.^ The 
method can be made to yield more exact results than tliose obtained by the 
authors. t 

The method of determination based by Levinstein - on the fact that meta- 
xylene is not attacked by dilute nitric acid, and para-xylene is not attacked 
by concentrated sulphuric acid, is not applicable.® 

Ethyl Benzene-(y i5.C.,H,. ; Up. i:i5-7°C. (cor.); sp. gr. (15*5° C.): 
0'872 — was first found in tar xylole to an extent of 10 per cent, hy Nolting and 
Palmer,'^ and was later obtained m larger (piantities from the mother-liquor of 
para-xylene sulplionic acid, by IVIoschner."' 

It occurs together with coumarone, phenol, and ethyl phenol during the 
dry distillation of para-coumarone, wdien loss of oxygen occurs, and reduction 
of the coumarone molecule results ; it can also be obtained from the dis- 
tillation j)roducts of technical coumarjiie resin.**' Para-indene gives no ethyl 
benzonAt. Ethyl benzene is characterised by a well crystallising penta-bromide, 
m.p. 136° (k Ethyl benzene is not preseirfc in tar in any great qiiJlntity, and 
is not easily prepared from it, so that this source cannot compete with its 
synthetic production from bromo-benzciRi, ethyl bromide and sodium. 

Trimethyl Benzenes, (J(^H3((' 4.5)3 . — three trimetliyl Aonzenes are 
present in “tar cumene,” and constituta a portiop of the solvent'’ naphtha 
fraction : — ' *’ ■’ 

Mesitylene — (1 : 3: 5), b.p. 164*5° C. (cor.); sp. gr. (15° 0.): 0*865 — 
was first identified in tar by Ernst and Eittig,* and was first separated directly 
fro«£n fit by^Jaeobsen.® This substance, and particularly Heuiellithol — (1 : 2 : 
3 :), b.p. 175" C. ; sp. gr. (15° 0.) : 0*901 — are very difficult to- prepare. The. 
latter was first isolato^d 10 years lator by Jacolnicn.-* 

Pseudocumene— (1 *. 2 : 4), b.p. 16,9*8' €. (cor.) ; sp. gr. (15° C.) : 0*888 
« —also identified in tar for the first time by Ernst and Fittig,^^ and also first 
separated from it by Jacobsen,^^ is the most abundant of the isomers, and the 
cosiest to obtain ‘pure on account'* of the sparing solubility of its* sulphtmic 
acid itt sulphuric acid. ^ o 


Radziszew.sky^nnd Wispek, Per,, 18, 1280. 
2 Ber,, 17, 444. 

* Ber., 24, lO.'iS. 

® Xranicr »pd Spilkfr, Ber,, 33, 2257. ' 

® Jacobsen, *9, 256. - 

BieMcfs Ann,, 139, 184. 


3 Reuter, Bc\ 17, 2028 1 18, 2268* 2274. 

.ffef.,34, 12G1. ’ 

’ Liebig^ 8 Ann,, 13^, 184. 

» Ber., 19, 2511. P ' 

Ber., 9, 256. 
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Tfto majority of the aromatic hydrocarbons boning irom C. have 

not beefi identified, but the follovviiiijjihave been found* — • 

Cumene (Isopropyl Benzene), 'C„H,OH(CH.,).„ b.^. 152-5-153° C.-; sp. cr. 
(0” C.) : 0-8587.1 

Cymene (l-Methyl l-Isopropyl Benzene), CH3.0,H,.C'H^CH,),, b.p. 
175“ C ; sp. gr. (0° C.) : 0-87,23. 

^Durene — (1 ; 2: 4; 5-Teti-aiuetbyl Benzene) — C„H,j.(CIl 3 ),i ; m.p. 80- 
^rC. ; b.p. 196°^- — crystallises in white scales and iwssesses a faint 
ftuorescence. , * 

A use in the pure state for all these hydrocaubons has not been found, 
except for pseudocunieiie in small (piantilies ; but in a mixture which contains 
greater or less quantities xylene, they consl^tuted two grades of solvent 
naphtha, that distilling DO per cent, to 160“, and that distilling 90 per cent 
to 175“. 

There ^ ^in appreciable industrial demand for such a mixture, particu- 
larly for chemical cleaning, in the prejiaration of ordinary varnishes, and in 
linoleum factories. Klirther, an addition of 5 to 30 per cent, of it is recom- 
mended in burning oil ^ ; and more recently, attempts have been made to 
employ it as an explosive.^ 

Finally, amongst other bomologues of benzene the two following substances 
have been obtained from tar, though with considerable dilliculty : — 

Phenyl Benzene (Diphenyf), ((V,Hr,b»; m p. 70-71°; b.p. 254° (cor.); 
sp. gr. 1T65.^^ It crystallises in large colourless scales, and dissolves readily 
in alcohol and*ether. 

Venyl Benzene (Styrene), Cylb/JIl-CH^, still liquid at -20° C.; 
b.p. 144-145“ (cor.); sp. gr. (15“C.): 0*907. 

Sulphuric acid causes the formation of molecular compounds with toluene, 
xylene, etc., which can be distilled without decomposition. 

• it must be remembered when considering the employment of sol\^ent 
naphtha, that its smell is of greater importance than the presence of ti»ces of 
chemical impurities, such as unsat^irated hydrocarbons, which might exert a 
disturbing influence, if, like benzole, it is to be worked up further. It is, 
however, misleading to judge solvent liaphtha by its smell alone without taking 
into consideration the sulphuric acid test — sulphuric acid test and odour do 
not go parallel with one another. , 

These light hydrocarbon® %re appreciably affected by atmospheric oxygen, 
which acts by autoxidation slowly or with extraorc^nary energy, depending on 
the ch^nical construction of the substance. Tarticularly is this so in the case 
of unsaturated hydrocarbons, such as ihono- and di-cyclopen tgdiene, styrene, 
and indene, which unJergo autoxidation to such an extent thaE it is very 
difficult to obtain them in an (ptygen-free^ condition for i^mlysis. 

Atmospheric oxygen also affects the partially hydrogenised hydrocarbons, 
such as hydrindene, hydronaphthalcne and the like, to a degree, thaff alj 
these substances’ean only be preserved in a sealed glass ti^be. To a less, but 
stili marlced degree, this reaction is akso^shcwOi by* the .more completely 
saturated substaijces^such as pseudDcumene, the xylenes, toluene, aij^, to* a 

^ Schultz, Perl aril Szeleby, Ber , 1909, 3616. 

Sell size, Ber., ii, 3032. 

3 Plehn, D.K.r. 66,988. • 

* Schulfz, Kiiglish Patent, 19,665 ; cyinpare Ohem. Ztg. 1908, 254. 

® Buchneiy 8, 22; and others. * • • 

® Berthelot, Ann, Chim., 1867, suppl. 6, 867. 
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certain extent, even benzene. The chai/ges whicli all these undergo'*when 
standing in air, ‘particularly in the prerjcnce of light, arc most easily traced 
by means of the sulphi'iric acid reaction,* which is rendered the worse the 
furbher oxidatipn has proceeded. 

It has been shown ‘ that in certain cases, 1(> per cent, of oxygen may be 
absorbed, accompanied by the formation of acids which can be extracted. 
For example, benzoic acid has been isolated from toluene ; whilst fronx-para- 
xylene there has been obtaiiied pure* toluic acid, identified 1-jy its melting point^: 
176 C., arid by analysis (found-: carjlion, 70'() per cent. ; hydrogen, 5*81 per 
cent. — calculated : carbon,* 70*59 per cent. ; hydrogen, 5*88 per cent.) 

If ozone be passed through benzene, the escaping vapours arc strongly 
acid.“ ,, t 

The multiple hydrovarbous with and without external groups 

4 pnitiiig two or more rings, constitute a most important class. 

Naphthalene — ^ 79*6-79*8" C. ; b.p. ; spec,\fic gravity 

(15 (1.) : 1*1517 (comp. H A) at 0" C .) — is peculiar in its high volatility and its 
capacity for dissolving large quantities of air when molten, which are given 
up on sol idi 6 cation. 

As put upon the markiit, it is almost chemically pure, and for special 
purposes it can be prepared absolutely free from traces of phenol. Its 
estimation can be made by means of its picrate.^ 

Naphthalene is employed for the preparation of phthalic acid by heating 
naphthalene — as well as phenanthrene or anthracene— -with sulphuric acid at 
200 0., with or without the addition of metallic compounrfs, particularly 
mercury ; it is also employed in the preparation of nitro-iiaphthalene, 
naphthylamine, naphthalene saliihonic acid and naphthol, as well as their 
derivatives, such as zinc naphthalene sulphunate,^ and magnesium naphtha- 
lene sulphonate,^ which are employed for the preservation of wood. 

Formaldehyde and methylal react with naphthalene, formings dina|)iitb'yl 
methiKie.^ More recently this reaction has been taken up for the preparation 
:)f artificial gums.® Unfortunately these^-gums are not soluble in spirit, and 
therefore cannot completely take the place of shellac, 

The dye and chemical industries (,>Tily take up a portion of naphthalene 
Aitafined, so that other means of utilisation have to bo searched' for, such as 
jhe substitution for pitch in the production of briquettes'*^ for loxtraction 
purposes, as in the calse of waxes and asphalt, ifi 'the place of benzole and the 
iike,^® and particularly as piotor fuel. 

Unlike naphthalene, the two Methyl Naphthalenes— OjoH 7 (C?i.J, a-, 
3.p.T22°C.', b-p. 241-242" C.; specific gravity (19" C.): 1*005; /?-, m.p. 
32*5° C.; b.p. 241-242" C. — arc very expensive materials. The a -compound 
s a colourless oil, pofjsessing a high j-efractive u,idex and a marked fluorescence. 
TFe /? - compound somewhat resembles naphthalene in appearance. They 
wele first prepared from tar in the crude state by Schulze, who obtained 
1 Weger, Ber., 36^ 309, 

“ Houzeau and Jtenard, Cmhpi. rend. 76, 572; Llehig^s Ann. 170, 123 Leeds, 

16, 975. , » 

8 Ilnublauch, Jour. Gasbeleuchfung , 191C, 61, 134, 145 ; Jour. Soc. Chem. Ind.. 
1918, 37, n. 68 a. 

Bad. Anilin-’dnd Soda-Fabrik, D.R.?. 91,202. ' ^ D.R.P. 118,101. *' 

*’ D.R.r. 160,110. , 7 Grabowsky, Ber., 7, 1605. ' 

“ English patent 16,245, of the Bad. Anilin- und'Soda-Fabrik ; Chem. Zig. 1908, 
326 D.R.P. Anm. of the same works, B. 46,200, Kl. 12*0. 

^ Buss and Folit, D.R.P. 186,396. ■ V 

, Kohler, D.R.P. 204,256. ^ i?er., 17, ^42. 
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*/:? -tiiethyl naphthalene by fracliionating tar oil boiling 239-242“ C. (which 
llad previously been freed from a^id and alkaline •compcAinds), freeVang it, 
fdtering on a suction pump at and rccrystallising the solid portion from 
alcohol; whilst the a - methyl naphthalene was prepared by the further 
cooling to -llb^O. of the lajuid portion fi’om the alKtve filtrate, and the 
removal of the crystals of the p - compound. 

tA. flirid methyl naphthalene had previously been obtained from tar oil by 
^ lleingruber^ but^ according to its cheiniva\ behaviour it was neither the a- 
nor the P - compound. , 

Creosote oil of commerce distilfidg mainly, 200-300'’ C contains about 
6 per cent, of these substances. 

Dimethyl Naphthalenes, were detected in coal tar by 

Kmmei’t and lleingriiber and can be obtained from the fraction boiling 
260°-2()5“ C., or from the solid hydrocarbon mixtures which can be separated 
from tliig, Ijy sulplionation of the mateiial and subsequent decomposition of 
tlie sidphoiiic acids. 

1 : 6 — D'nneihi/I Naphthahiu^ b.p. 265“ C,, is an oil of faint odour. 

2:6— „ ^ „ m.p. 1()9-110“C ; bp. 2GO“-26rC. ; and 

2 : 7 — ,, ,, m.p. 96-97° C. ; b.p. 262° C., both crystallise 

in 1 cadets. 



Phenaijthrene ' ! I m.p. 96” (I ; bp. 310“ C. (cor,), —is 


present in coal tar in considerable (juantity. It is easily soluble in benzene • 
hydrocarbons (and carbon disulphide), and by this means can be separated 
froi^n anthracene and carbazole wliich bod at the same temperature ; from the 
kitt'er it ®aii be separated by fusion of alkali, which with carbozolo fonns a 
compound, but not phciianthrene. in order to remove the last quaiftitios of 
anthracene— about 3 per cent, 'ihich cannot be separated by re-solution — 
other methods have to be employed, whereby the pure product is put upon 
the market containing less than | pier cent, of anthracene. Oxidation yields 
the characteristic p]ienanthra(iuinone. Estimation, see Hildebrand, Eflesson, 
and Beclie.'^ • 

Tt is formed pyrogeriettctlly from 9-ethyl or 9-mefhyl flnorene^ according 
to the formuhe : — • 

7 7 



* Lid>i(/s 206, 'dih. * ^ Ibul.^ 211, 365. 

* Ge.si fur Te rverwertuiitr ; O.K.P. 30,1079, 1916. • 

^ Joiir.mevi, Soc., 1917, 39, 2301 ; Ibid., 1918, Abstract i., 6fiP. 
« GmbcfJJer., 37, 4145. 
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and by many other pyrogenic reactions. Iinterestin|^ and typical is that’ of 
Krainef and S})ilktr ^ frc/iii coiimarono anrj benzene : 

C,iy) + C,H„=()i,H„;+ll,0 + H,. 

It consists of colourless scales, when crystallised from alcohol, showing a 
faint blue fluoniscencc. 

IdiGiianthrono and its derivatives have been employed in the dye^\’ork»j to 
only a limited extent, hut it is imt impossil)le that den>aivl will increase, as , 
the opium alkaloids (morphine, codeine, thebaine) arc phonanthrene 
derivatives. Attempts haze been made to ntilise plienanthreno by its 
addition to gum resin and as an addition to ])araflin.^ 

Retene, (h lsoj)ropyl <S-M/‘thyl riienanthrene)— 

(1,11,- (l,H,(Ciy.(lH(CH,), 

'll 
cii - (;h 


s.p. DO-DhMl. : rn p- 9(S-1)P°(J. ; b.p. .‘150" 0. — found in coal tar by Kraus ^ 
and in wood tar."* It fo/ms shining scales of no odour, and volatilises slightly 
at ordinary temperatures. At rod heat, it yields a considerable quantity of 
anthracene. 

The last member of this series is Triphenylene, which has not 

yet been identified in coal tar, but is certainly })resent in it. 

It occurs as a by-product in the preparation of diphenybfrorn bromo- 
benzene and sodium ; also by heating benzene to a high temperature^; finally 
from dodckahydrotriphcnylenc, by distillation with zinc dust, or over copper 
(Sabatier) ; the substance results from the condensation of three molecules of 
cyclohexanone.'^ 

Another series of which we ordy know the liighest member (since the 
lowest are so labile that they immediately change into naphthalene aiiH 
benzene) is anthracene. 

'*• CH 




I 1 


I I 


C.,K.< I > 


\l/ 

CII, , 


CgH, = Alltin Hcetic. 


CH 

./i\ 


^ C2lI^ = Naplithalene. 

\/ 


CoIl4< 


C 2 H. 2 <(^ ^ C 2 H 2 = Benzene. 

. \l/ ' • 

CH 


ClI 

CH 


1 Ber. 23, 85. ^ D.R,P. 113,23.3. . a Lewf, D.H.P. Anm. L., 24,443. 

^ Ann. Chem. Piiarin., 106, 391. ® Ekstrand, Liebig's Ann., 1^, 75, 

• “ Isochry:)fine ’i of* Sclnnidfc and Schulte, Liebig's Ann. ^ 203, 135. 

’ Manjiich, Ber., 40, 153 and 159. 
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•The comparison of tj^cse threa structural formuhc is instructive, but it is 
un usual to represent benzene in th^) form of a bridjjjed rin»?. * 

Compare also : 



^CH : OHs^ 


,/\ 

j j Chrysene. 


* ‘V/ 


y 


\/\ 

j j Ni\j)lithacoije. 


/ I 

/ I / 

I /n 


L/ 


\/^x 

I I 

I I Na[>hthai'Una(',eiJt‘. 


/' “\ 

./\/\_ /^.y\ 

I j I j^^|Jp.co„„ 


Anthracene— (Jj ,H,„, m.p. 2] ;r C. ; b.p. 360" 0.— was 6rst fomid in coal 
tait/clio in 1^57. it is iorined pyro^ouotioally fi'oin a laij^c nUinbor 
of very didcrent substances, such as toluene, benzene, styrene, ti^rpentine 
oil, petroleum and others. Of particular intere.st is its synthesis from toluene- 
styrene (phenyl toluyl ethane) by Kramer and Spilker: ‘ 


CH, 

V;ii'* /on 

(:,di,/| = t;dl, + (:iJ, I II.,. 

CH„/ . \(:h/ 

Anthraceife dissolves with dilliculty in almost all solvents- -for instance, in 
benzene 1’86 per cent., in ctfrbon bisji^liide 2*58 pci cent., in hexane^Ov^T 
per cent. In the pure state, if coiiijists of flakes showing a bl ue- violet. fiu(jr<» 
esccnce. Its prorate, CnHj„.(\.H^(NO.,),OII, m.p. I70°, is easily decomposed By 
alcohol, water, and sodium liydroxidc solution. , 

• In the sunlight solution of anthraceiJU is*convexvv.v.. ^..^o pura-anthramie 
m.p, ^veii variously as 244“^ 272“-274'' C.,- which is $till less 
soluble than anthracene. According to Luthe and Weigert,^ anthracene 
is converted* by suTibcbt, both in solution anct also in the solid state, into 

Her,, 23, ;P269. ^ • 

“ Gra.flfei’ and Lieboiiri'ini), LieJ^ys Ann., 1870, Supl)!.^ 7, 2fft. 

^ Chem, Zentralb., i904, 2, 117 ; 1905, 1, 115*2. 
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dianthnicene^ which, in the dark, changes ba(Jk into anjbhracene. Chromic Acid' 
oxidises anthraccnc*^ to the very characterirtic anthraciuinone. This reaction 
'can be employed for (piankitive determination, and is one of the most exact 
that d'xist in org,anic chemistry. The method as described by Luck is the 
most applicable. 

Anthracene, however obtained, is seldom nior^ than 30 per cent, phre, 
and its puritication can be carried out in a number of ways, all* of 
which are based primarily on the. removal of carbo/ole (^)rude anthracene ^ 
is washed with pyridine, cpiinolinc, or ^aniline bases in which carbozole is 
more easily soluble than anthracene ; also mixtures of the above mentioned 
bases with benzole can be employed^ In this way a substance of 80 per cent, 
purity can be obtained. Oleic. acid for the same purpose had previously been 
proposed “ also li([nid sulphurous acid,^ and acetone, nicthyl-clhyLketonc or 
ao3tone oil ^ 

The separation of iinthraccne from carbozole by distillation from potassium 
hydroxide has long been known, but is accompanied by much loss. Distilla- 
tion over potassium hydroxide in v.acuo and reception of the distillate into 
basic substances diminislms this loss this can also be diminished by melting 
crude anthracene, and leavdng it to crystallise partially ; then melting it 
with potassium hydroxide at 260", at which temperature a double layer is 
formed, consisting of the potassium hydroxide 'Carbo/ole compound and the 
hydrocarbon ; finally, phenanthrene is lemoved by benzcne.‘' In this way 
85-95 per cent anthracene can be obtained. 

Carbozole can bo separated by conversion into nitrosq-carbozole by means 
of nitrous acid, which is soluble in benzene,' or by treating a solution of 
anthracene with concentrated sulphuric acid which combines with the 
carbozole.^ 

To obtain a perfectly pure anthracene, further crystallisations must in 
all cases be carried out. Its most important use is in the productionr of. 
alizarine. 

/I Methyl Anthracene, m.p 207" (ccp\), occurs in tar,*^ but can much 
more conveniently be obtained from xylene-styrene, by the synthesis of 
Kramer and Spilker.^^ , 

Xylene Styrene (Benzyl Xylyl Ethane, or a /Q-toluyl phen\*l propane) 

— CTlg.CH(C,jHf^).ClLjC^^H jCk 3 ; b.p. 30Q"C. with slight (locomposition ; 
sp. gr. 0 987 — i.s formed in .appreciable (juaiititio.6 Ironi coahtar xylole and 
styrene (which boils at the syme temperature) under the condensing influence 
of concentrated sulpliiiric acid during the washing of crude xylole. It ebnsists 
of a somewjiat . thick oil, a Phenyl' or tho-toluyl propane, prepared from* 
pure ortho'xylene and styrene, boils at 316- 317° (cor.); the recta compound 
at 311-312° C. (cor ) ;,jind the para-cpm pound at 302-303° C. (cor ). When 
,the vapours of tie se substances are superheaU'd, methane and hydrogen are 
8plit*off and mono-methyl anthracene is formed, 
c 

• A.,(t. fur Tcor-'im.'! Erdol Indiistno, D.R P. 4‘2,09 .‘j. 

^ Riuny and Erh.ait, D.^R P. .38,417. \ 

Karbi'niabrikpii, vonnriL , Fr Player Co., 1). R.P. (I8,474. 

M).R P.78,861 

^ IMl P. 178 764 of the A.-O fur Aniluifibnkatioii. 

” A.-G. fur Teer-'utid Frdol-Industrie, D.R. P.,111, 3.69. 

’ Wirtli, D.R.P. 1-J2,,682 

^ V(4el.\ and Vostoek, D.IkP. 164,608. 

* Japj) Ill'll Sidiultz Her., 1(\ 1049. 

Ber,^ 23, 3270. 
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‘ The ortbo-compoimd gives l-hiethyl anthracene ^and the meta- apd para- 
compouuds 2 -methyl antliraceno acfcording to the formula : 

CH 3 

I 

CH • /CH\ 

CA/i (yi,.CH,=cn, 4 ii,+(;,H, I (yi,.cii, 

(Hh,/ • xCH/ . 

• 0 

' • 

It is obtained from liot alcohol in the form of very bright light yellow 
needles ; and by subliiR^tion, of greenish scales. It is easily soluble in 
benzene, carbon bisulphide, and chloroform. 

Iso-Methyl-Anthracene has been obtained by Bornsteiu ^ from a non- 
bituniinous Westphalian coal tar. It shows a viftlet-blue fluorescence in 
ordinary organic solvents. It is obtained during the reaction of formaldehyde 
and toluene. 

Dimethyl Anthracenes, C^.,lIg(CH,j) 2 , have not yet been identified in tar, 
but are certainly present in it. They can be obtained from pseudo-cumene 
styrene (phenyl xylyl propane) by a synthesis similar to that described above, 

A combination of more than three 6 -membered rings gives rise to chrysene, 
pyrene, naplithacene, naphthanthraccne, and piceiie. On account of the 
high boiling point of tiiesc substances they are not obtained during the 
ordinary tar* distillation, but form a proportion of the considerable number 
of substances, still quite unknown, which constitute pilch. 

Pyrene— (m=cn 

I i 

. c„H 3 -c,jr, 

I ' . , . • 

CH=z=CII ; m.p. 148" C.; b.p. tar above 3G0° (J. — was found 
together with chrysene by Grafbe.^ It is obtained by extracting pitch- 
distillates with carbon bisulphide, evaporating, dissolving the residue in 
alcohol, i^d precipitating as picrafe, which is recrystallised several* times 
and deeomposL*d with ammonia. 

It forms colourless uble^s, whi’ch dissolve easily ki tlic ordinary solvents. 
Chrysene— C(.ir^— Giollg 

• I I • o . ' - • 

(U4^=CFI ; m.p. 250 C. ; b.p 430" C. - was ^irst found in * 
coal tar by L'anrent.*^ It is the only one of tliose substances of which the* 
preparation in considerable quantities i# not too difficult. It can be obbuincd 
from the residue after the carbon* disulphide extraction in the prepa’^ati^rf' 
of pyrene; but* it is better produced not directly from tar, but by synthesis 
from simpler constituents of tar. When pure^ ii is qititif white. 

• According to Kramer and Spilkq^r^ chrysene is formed when the vapefurs 
of a mixture of dbiirnarone and napk-thalene are passed through a red-Iiot pipe, 
according to the formula C 3 H(.() = H^O. ^ Also, when the 

vapours of in{lene arc uperfie 'ted, hydrogen splits off and chrysene is for«ncd.® 


J Ber., 39, l25S. 

% Liebig's Anfi^ 285. 
5 Ber., 23, ^4 


>“ Gross, J. praJei. 1^0, 82, 231. 

* Ann ales de t'him., 6^. 

” Kramer and Spilkcr, Ber., 26, 1544. 
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It 18 prepared by yuperheating tbe vapo'urs of ceiitain hijjjli boiling bodies 
from the heavy iiaphtlia fraction in an iroil tidie at low red heatd 

•’ , C^-CH . 

Naphthacene, (yf4\ i“-P- 'b35’C., and 

\CH=:.C=-C1I < 

Naphthanthracene, | 

» Cir^ m.p. 141° L'., are both 

eertaiidy present in coal tar pitch, but liavc not been isolated. 

Picene — (/^/:^-r)inaphthyleve Ethylene) 

I I 

m p. d(U° (!. ; b }>. 51 (S-b^O” (_l— has so far only beefi found in brown coal pitch 
and petroleum pitch, but very probably occurs in the heaviest coabtar oils. 
It is even less soluble than chrysene. 

A much more interestinjn set of substances are the derivative of the 
5 itiemhered ?’/yp/, either by itself, or united to the ^)-VLe inhered riwj. This 
jjji'ouj) includes cyclo^Kuitadiene, indene and Huoreue : 

11 H 11 

11 1 - 111 "/Yi'i "A- A" 

11 Y" "’vVv" 

H,, 11 IE II IT, 11 

Cyclo[ieiiriuli(‘iie Iiidciio FIuoumu} 

' Cdls tYHin 

The members of this cbiss are exce(!din^>ly reactive', partly because ii con- 
tains the atomic grouping 

(!=.C-CI1.^— C-C— 

consisting of a methyloae jjjroup of feeble* acid r.^tifre,- and apparently also 
because, at any rate in the first two members, the double bond is external to 
the benzene I’iiig, and is therefore capable of forming a variety of additional 
conpiopnds abd polymers with ease. 

In cyck/[)eiitadi<?ne this activity is developed to flhe liighest degree, and 
• the compound tln'rehuY' is by f;ii- the most interesting of all. 

Cyciopentadiene--Tyi«, b.]) 4 j°C ; sp. gr. (15°(1): 0’H15 — is a liquid of 
\j)arbcteristic odour. Kramer and Spilker discovered it in 189G in crude 
benzole forerunnings, and established its constitution.^ Almost simultaneously 
Etard and Lambaid '^ dcticribed q. “pyropentylene,” as a product from the 
cofnpression of oil gas, without euipnry into its constitutivn. Ib'obably Koscoe 
in 1876 ' handled this body in, the condition of its simplest polymerisation 
product, ,, ^ , 

(yvclopeiitadiene is presertt in varying (juantities pi benzoic, forerunnings 

^ Kloti, Ber.. 2?, 84. 

^ Jhr , 29, 5^2. 

\ Liebig s Ann^, 232, 348. 


“ Coiiipaiv Thiele, /At., 33, 666 
^ Coiiipt. rend., 112# '.445. 



APPENiyX 1. 


149 


*and oil gas condensate^ which i% not surprising considering its lo\^ boiling 
point’ and chemical constitution. • * 

Although its faculty for polymerisation ma^f cause its preparation to’ 
appear very simple, in practice there occur various diflicult^is. Benzde fore- 
runnings contain other substances which have been little studied, having 
quite similar properties tq those of cyclopcntadiene, and which also tend to 
polymerise. 

Dilute acids, and alkalis resinify these hydrocarbons, and^ concentrated 
acids react with explosive violencst^,;^ cWorine, bromine, hydrochloric acid, 
hydrobromic acid are added in successive quantities ; ammoniacal silver solu- 
tion deposits a silver mirror. On account of the sensitiveness of cyclopen- 
taditmc towards alkalis a’^d acids, it cannot b^ reduced by ordinary methods 
to cyclopcntane, but this change is easily brought about by the method of 
Sabatier and Senderens.^ Atmospheric oxyg(;n attacks it strongly.^ • 

The iuothylene group in cyclopentadicme reacts with ethyl nitrate, oxalic 
ester aldehydes, ketones, and with potassium, as has been shown by the very 
remarkable work of Thiele.^ It also combines with quinones. ’ 

Of special note are the beautiful and intensely coloured hydrocarbons 
named by Thiele, fttlvenes. They arc derived from cyclopen tad iene in which* 
the two labile hydrocarbon atoms are replaced by the methylene group 
(fulvene = Cr,H^ : Cifj,). Their most characteristic representative is the dark 
red diphenyl fulvene, which shows extraordinary power of crystallisation. 

There remains, lastly, an attempt at a pyrogenic- synthesis, not previously 
published ; which is interesting as being an examph' of a change from a 
5-member ring to a h-rn ember ring. On passing a low molecular cyclopcn- 
tadiene hydrocarbon, corresponding to truxcnc, through a tube heated to a* 
low red heat, there was formed an inflammahle gas of low luminosity, con- 
sisting of hydrogen, and a substance possessing the sought for molecular * 
•(Constitution C^Hj, but which was proved to consist of naphthalene by 

its smell, its melting point at 79*5'’, and the melting point of its piciA'te, 149°. 

• . 

II H II TI 


H 3 H 

Hr H, 

H 

H II 


„ 33 H 

H.H 


'iH.j 


The yield was a good one ; as by-products, henycne and anthracene, were ’ 
identified. lji(-yclopentadiene gave the same results. ^ 

On standing, monocyclopentadiene Changes spontaneously very easil^^ into 
Dkyclopentadiene- ; s.p. :i2 r)31. ; b.p. ITirC. ; specific g^-avfry 
0*977 — a colourless crystalline mass, possessing a peculiar smell resembling 
camphor. It remains indefinitely unchanged ki a v^‘ll-cl^sed vessel. Cyclo- 
p^ntadieiie, therefore, can only be jjreservfd in its dimeric form, to be re^ne- 
rated as requirdfl by depolymerisation by prolonged heating under a column. 

Dicyclopentadi(;ne is particularly sensitive to oxygen ; if air reaches the 
substance wjthin a sh^ji t tii.m small reddish-l>town globules separate Vhich 

• • 

^ Compare Eijkinan, i 'hevi. WeeJcblad, 190§, No. 1. 

. “ jlngler, Autoxid&tion, 84, 2938. • 

ffer., 33, 666*; LieMcfs Ann. 1, 348 ; Ber.^ 34, 68, 


* Albrecht, Liebig’s Aniu,'6W, 31. 
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consist 0 / a hard brittle resin of high oxygen* content. ^ Chlorine, bromine and ' 
sulphuric acid actfvely attack dicyclopcn/;adiene. With amyl nitrite' and 
hydrochloric acid, it forms a nitroso-chloride which reacts with organic bases 
— particularly smoothly with pipcridine~likc tlio nitrosochloridcs of terpenes. 
When nitrous acid is passed througli a chloroform solution of it, a nitrosate is 
formed.^ The formula of dicyclopentadiene must be represented by 


\y “x/ 


I I i I 

1 LJ I 

\/' 


/ 

each of which can exist in the cis-trans form ; till now, however, it is known 
ill only one moditiixition. Other structural formuhe have been ascribed to it, 
but W'itliout the support of proof.*'^ 

Dicyclopentadiiaie is not reduced with sodium, but when jiassecl in vapour 
form with hydrogen over nickel, tetrahydro-cyclopentadiene (1 : 0, G: 10, 1 ; 10- 
is formed, which is a tricyclic terpene, m.p. VT" C. ; 
b.p. 193 '"C. This sulistai'ice possesses a decided odour of camphor, wdiich it 
resembles in other ways. It can easily be converted by weakly fuming 
sulphuric acirl into an b.p. 191 'r)" (!. (cis- and trans-form).^ 

Kronstein'' has a short note on the formation of a highly polymerised 
jiroduct of mono- or di cyclopcntadiene, but without mention of melting point 
or molecular weight. ‘ 

There exists a large number of polycyclopentadiencs of very varying pro- 
,pertics, of which a whole series have been prepared.*'' 


CIT 

Indene- C.H, '\CH ; S.p. - 2 ^ 1 ; b.p. 182*2- 182*4“ C. (cor.);. 

, ''' / 

CH, 


specific gravity (15° C.): 1*008 — was discovered in coal tar by Kramer and 
Spilken ^ ‘ v 

It is present to an extent of about 20 per cent, of the fUtctioii boiling 
about 180° C., but is not<easily prepared in tne purr? sDvte. It can be obtained 
by precipitation with picric acid, but there is difficulty in ^’emoving the last 
traces of coumarone, which is only achieved by fractional distillation. 
Furt^ier, there ’Is the great and disturbing tendency to oxidation and poly- 
'merisation. *-Like cyclopen tadiene, indene is very reactive, chlorine, bromine, 
N 0 O 3 , etc , being added at the double bond. It gives a nitrositc which on 
warming changes into nitro-indenc. ^ *‘ The acid-like methylene group which 
il j^oiifcains, leads to the formation of a sodiwm compound/'^ to its coupling with 
oxalic cster,^® and to its condensation with benzaldehyde.^^ , 

n ^ 

^ TCramer find Sjalker, I^er., 29, 559 ; Veiland^ Lichigh Ann. 36ljl, 300. 

^ Weiland, Bcv.^ 39, 1492. Eijkii.\aiin, Chem, 1 yeekb lacHf l9i)Zy No. 1 . 

* Ber.^S5, 4160. ' ^ Weger. 

® Ber., 23, 3276. '8cc also Spilkor and Doinbrowsky, 42, 573. ^ 

’ Wegcr and Bilhnan, Ber., 190^, 640. , 

* Dennatedt and Alircus, Ber., 28, 1331 ; Wallacli, Liehig^s Ann., 2, 336. 

* Gesellschafli^fur Teerveiwertung, D.R.P. .206,465 

^0 Thiele, Liebig's A^nn., 847, 1275 ; Ber., ?3, 851 ; Wislicenus, 771. 

Thiele, Liebigh Ann., 847, 249 ; Ber., 33, 3396. 
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‘ With one molecule pf benzaldekyde there is formed Benzylidiiie indene, 


’CH 

0:]I(!.C,H5 ^ 

m.p. 88“ (I j witft two molecules, Hyd^'oxyfjenzyi benzylidene indene, m.p. 135° C. 
According to the Thiele scheme of h«mehclature, both of these are fulvenes 
and arc indeed coloured an intense yellow, but unfortunately fulvene cannot 
be regenerated out of either of these compounds. 

This condensation with benzaldchyde cjfn be employed within certain 
limits, for the quantitative determination of indenc. 

When indene in benzene solution is shaken witl^ several per cenif. of Con- 
centrated sulphuric acid, it is converted into para-indene (where x 

= 4 ?) a resin->ike liody. This is also precipitated, mixed with pani-coumarone 
in connection with the washing of heavy naphtha ; and is obtained when 
indene or fractions containing indene are heated- inder a reflux condenser; 
under similar conditions cournarone forms only a trace of resin Together 
with the solid polymerised indene, there is found in lesser (quantity a thick 
oil which with considerable certainty can be taken as being di iiidejie. 

Indene can be directly obtained from heavy naphtha or from the resin. 
In the latAer case, however, the yield is very bad, as dcjiolymerisation is 
accompanied by separation of hydrogen or the wandering of hydrogen atoms. 
One molecule of para-indene does not give 4 molecules of indene, but truxene 
and hydrindene according to the formula^ • 

Truxene- 41=^0-0112 

I- III 

(qp, 0«=0-0,.H^ (Di-molocular formula as given 

by Beil^ein)^ m.p 365° 0 —is colourless in the pure state after disfillation. 
The (ifistillatii n, how'‘ve^ is accompiinied by considerable difficulties, as 
the substance bods at a^ery high temperature, and sublimes to a considerable 
extfint. Usually the hydrocarbon is obtained*in the condition of fine, light, 
tangled mass of needles of a golden yellow or orange-rod coloijr. It dissolves 
with great difficulty«in the usual solvents, buc to the greatest e:)^tent m lioiling 
cumene. If can be obtained fairly easily from pure indene resin by dry 
distdlation and extraction Si the residue, and is cerfeiinly present in coal tar 
pitch— perhaps even in considerable quantities — although it has not befin 
isolated from ^th is source. ^ • 

Trqxcne was first prepared by Liebermtyin f j,om» truxone (OyllgO).^ by 
•heating the latter for two hours with rm\ phosphorous and hydriodic ajid at 
180° C. Trui^bneVas obtained py the action of fuming sulphuric acid on 

truxy lie acid (C^H. 7 C 00 H)„. ^ 

It is not solubh in “the ordinary solvent^ and only to a small extent in 
failing xyfeue, chlorWorm, ^niline, and nitro-benzene. 

Wegerand Bilhnari, 1903, 640. « 

2 Ber., 22, 784 ; 23, 317 ; Hausmann, Ber., 22, 2022. 
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Truxetie is also considered to be (Cj)H ^.)3 Vri-ortho-^)cnzylene benzenoi 


TruxeuR 

(trimolpcular formula 
as given by Weger). 


Truxene Quiiione. 


J^y oxidation with chromic acid tliero is formed iruxaie (fuinone, tri-ortho- 
bcnzylene benzene an orange-yellow substance of similar character- 

istics fm truxene itself. Idms, truxene and its <|uiuone arc derived fron^ benzene , 
and not from cyclobutadiene ^ 

i 

Hydrindene— CHg 

(JHgCHg b.ji. 17G sp. gr. (1*5“C.): 

0*957— is prepared from indene by reduction with s6dium and ethyl alcohol; 
it can, however, be obtained .more cheaply in other ways, as, for instance, 
from heavy naphtha. According to Moschner,^ it occurs to the extent of 2 5 
per ccfnti in t^^e o’.imene fraction ; but it is obtained mi^h more advantage- 
ously from heavy naphtha resin, indene resin, or technical coumfirone resin, ^ 
from which it is prepared at high te^^uperaturet by the reaction described 
already. 

“it is sulphonated but not polymerised by concentrated sulphuric acid. Its 
saturated 5-membered ring reacts like an open chain. The sulphonic acid 
salts^and several other aerivativesebave been examined in some detail by 
Spilker.'^ t It oxidises fairly (piickly in the Ajr. By reduction with nickel and 
hydrogen (Sabatier) hydrindene is 'converted into a dicyclic naphthene — I : 9, 

1 ; 6 —dicyclononaiK? — octohydrindene Cgllj^.'* 

A Compare also Michael, Jkr., 39, 1910. Bcr., 33, 787. 

® Kntnicr and Sfjdiker, Ber., 33, 2257. 1538. 

^ Eijkman, Chem. JVcrkblad, 1903, No. 1 ; sec also Thiele, Ber., 33, 771% 
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. 'FJuorene— . CgH^ 

CHg m.p. 1 1 6° C. ; b.p. 295° C. (cor.) 

is a colourless substance crysbillising in leaflets, from akbbol, posst;ssiiig 
a violet fluorescence. It is easily soluble in ether, benzeiie, and carbon 
disulphide. . 

*[t contains a '*er,ctive methylene group wherej)y it forms compounds with 
oxalic ester ^ anfl with potassium^; it? ?orms a sodium compound with 
sodamide at 150° and with sodium at 200°.® Jt reacts with benzaldehyde 
forming benzal fliiorene'^; with alkyl nitrites arfd nitrates.^ Oxidation with 
chromic acid leads to tho^ormation of fluorenone, a diphenylene ketone. 

Fluorene is obtained from its particular coni tar fraction by heating with 
potassium hydroxide at 2f)0-‘U)0° and decomposing the lower potassium- 
fluorene layer with water or from the correspoming sodium compound.^ 
Althouglf the property of combining with potassium hydroxide is possessed 
by very few coa,^ tar hydrocarbons other than fluorene, this substance is not 
easy to obtain absolutely chemically pure,” because potassium fluorene always 
retiiins a little phenanthrone which is not removed by the passage of steam 
without the potassium fluorene itself being decomposed to a considerable 
extent Moreover, during fusion with potassium hydroxide, hydrogen is 
evolved, and there can be traced the formation of ortho-])henyl benzoic acid, 
which regenerates the 5-mcmbercd ring by the action of concentrated 
sulphuric acjd, being converted into fluorene. 

Fluorene has not found any extended a])plication in commerce, although 
if required large (juantities could be delivered. 

Fluoranthene— . 

i ' An] 

0 ll^x /,(dl 
CH 

• 

m.p. 109° C. ; b.p. 250° (at (50 mm.) - crystallises in large, brilliant tablets 
and in needles. It was discovered iM coal tar by Fittig ;ind ( Jebliard,^* and its 
constitiUffffi hj^s been established by Fittig and biebmarm."* It disWves 
readily bi the usual solvents. 

Acenaphthene — ch., . ciL. 

• I ‘ I “ 



m p. 95° C ; b.p. 278° r. (cor.X occurs in coaltar in appreciable (piantities, 
w^ere it-^was first found by Berthelot in 18/>'J*.*^ ft cogtains a saturated 
.^-membered rin^, aryl crystallises &’om alcohol in strikingly beautiful long 

^ ' W. WisliceniiB, Ber., 33, 771. “ Wi-issgerber, fJer., 34, 1659* 

® Weissgerl*!', Bn'., 41 , .^91 f. 

^ Thieie aii(T' Hcnlr, Ann., 847, 29i). 

^ Wisliceims jyid WHldinullcr, /?«r.. 41, 3334. 

® A.-G. furTeer- lyid Eidol-Industrie, D.R*P. 1*24,1.^ 

• ’ ^es. fur Teeiy^fweituTig, D.H.P. 203,31?. * Doniig* Ber., 36, 878. . 

Liebig’ R Ann.^ 193^ 142, LiehUfs Ann., 200, 3. “ Z.f. (ihemie, 1867„714. 
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needles^ which distiiigujahes it from fliiorcne and other hjdrocarboiiS of 
similar l)oiling point ; from heavy tar oils* it is obtained in the form of harcl 
brittle crystals. When oxidised it yields acenaphthene quinone, naphthalic 
acid, and finally,, homimellitic acid. Lately acenaphthene has been employed 
in the form of ,its brominated (piinone as a red vat dye.^ When heated 
with siil})hur, acenaphthene is converted into trinaphthylene bcinene,” a 
substance which is probabjy' present in pitch. When treated with lead 
oxide it yields acenaphthylene,'^ v/hich should also exist in tar. 

Among the ruufral suh'^anres 'ihhicl> , contain orygen inclnded in the ring, 
the Gnnembered ring series has not yet been observed with certainty in tar, 
at least in its simplest form. Among the l)-mend>cre^{ ring compounds are the 


following members : — 

II 

H H 

11 j — 1 II 

n/y-in 


H J II 


.k A.Jh 

0 

H 0 

II 0 H 

Furane, 

cjLO 

Con nia rone, 

C„H„0 

T)ipbon\]ftne O.xiib', 
G,oHhO 


The first two bo(li(‘s show great tendency to reaction and polymerisation 
on account of the double bond in the b ring similar to the subsUtnees in the 
cyclopontadiene series , for this reason diphenylene oxide is fairly indifferent 
in its behaviour. 

Furane, CJT^O, b.p. 32" C., has so far only been identified in pine-wood 
tar. 

Goumarone — liquid at -1S°C. ; ‘n.p. 172“C, (cor.J ; specific 
gravity 1*096 — was first prepared by Fittig and Ebert‘S from coumarilic acid*, 
and was latqr discovered in coal tar by Kramer and Spilker.*'’ It is prepared 
from the heavy naphtha fraction, boiling atT65-175° C., by precipitation with 
picric acid, and decomposition of the picratc.” 

CQumarone reacts with bromine, concentrated sulphuric acid, qto , similar 
to indene. Concentrated sulphuric acid converts it into the (?) to tram ol ocular 
“para-coumaronc,” which is a yellowish-bH)wn bijHtle resin. " 

Couniarone remi of commerce, which is usually somewhat softer, is 
obtained industrially in connection with the washing of heavy na])hthp, and 
contains, as tuight be expected, para. indene and small quantites of other^ 
bodies. It is employed in the preparation of varnisln3s, and is particularly 
valued on account of its completely neutral nature ; in many'olber cases also, 
it replaces the more ‘expensive col(t[3honium which has a somewhat acid 
•^charseter. • 

During destructive distillation, coumarono resin behaves, (juite similarly 
to para-indene — a pbrtim isrlepolymeriscd, regenerating coumaronq ; another 
poition undergoes wandering of*** hydrogen atoms, ami is converted iifto 
substances poorer and richer in hydrogen, comparable tb' the change of 
polyindenes into^truxene and hydrindene ; and finally, a third portion is^ 

' Raseler Cheni. Fabrik zu Basel, D.R.P* 196,349 and 198, .^[0. 

2 Rehlander, Bers, 86, 1583 ; Dziwonsky and Bach'mann, Ber . 36, 962 and 3768, * 

* Behr an(i<3)or}\ Jjlehig's Ann., 172, 27\5, 

* Liebig's Ann. 216, 168. ^ Ber!, 28, 78. 

**A.<G. furTeer- und Erdol- Industrie, D.R.P. 53,792. 
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hior'e ' profoundly decon^posed, aflcompanied by the breaking -.down* of the 
6-membered ring, whereby ethyl benzene and acid* oils a'le formed. These 
consist mainly of ])henol with some ortho-ethyl pbeuol, as coumarone resin ' 
contains oxygen, which inderie resin does not. The decomp^jsition products 
consist of thick oils ; and among tlie higher boiling portions which distil with 
dilficiilty in steam, there, exist, with great probability, di- coumarone and 
di-fcdene. In the residues, there exist truxene'Iike substances, but containing 
oxygen, which ‘uii behind as a softt .blackish-brown ditticultly soluble 
powder when the coumarone pitch is treated with xylole and the like, and 
which prob.ibly liave a composition closely similar to that of the free carbon 
in ordinary pitch. 

CH, 

Hydrocoumarone— 

• • 0 still liquid at the temperature 

of an ice and salt mixture; specific gravity (23’ C.): 1‘0()49, which 

corresponds to liydidndme- -is, wdthout doubt, present in the distillation of 
resin and also in heavy naphiiia ; but it has not yet been isolated from these 
substances. It lias, however, been synthesised,^ from coiiniiirone, sodium, 
and ethyl alcohol, when ortho ethyl phenol is formed as a by-product. The 
reduction with sodium is brought about only under the most careful following 
of the exact conditions jirescribed. Usually the yield in hydroeoumarono is 
very bad, but it has easily been obl^ained by the method of Sabatier and 
Senderens, when ortho-ethyl pluuiol is again met with as a by-product. It is 
a colourless oil, soluble in the usual solvents, and almost insoluble in wuiter. 

Diphenylene Oxide- \/ m.p. 86-87“ 0.; b.p. 276“ C. 

0 

(uncor.) — is a white substance crystallising in leaflets and showing a blue 
fluOresceifcc. It is very stable against oxidising and reducing reigents. It 
has been synthesised by many different methods, and has been foiifld in tar 
by Kramer and Weissgerber.- iW diphenylenc oxide does not possess acidic 
properties and therefore does not lend itself to being extracted, it is 
separated pure from fluorenc and o^ier hydrocarbons which boil at a similar 
temperat^e (yily with great difficulty. It is most easily obtained in con- 
siderable quantity from ortho-diph*3nol (ortho ortho-dihydroxydiphenyl). 

Ortho-diphenol is fonfletl from diphenylone oxide (hut not from fluorene 
as previously thought) during the production (tf fluorene by the potassium 
alkali fusion ^ and from the fusion of mithracene with potassiu^n liydroxide.*^ 
'’Further, it remains a^er decomposition of potassium-fluoreno anj potass^um- 
carbazole and tjan lx; precipitated by acids from the alkaline li(piid.*'' 

Ortho-diphenol (Ortho tirtho dihyidroxydiphenyl) — 


HO 


/\ 

1 I 
I I 




m.p. 109“ C.; b.p. 315” C. (uncor) — crystallises in compact crystals and is 
difficult to obtain completely colourless. It is.easily soliilTle in alcohej and 

^ Alexander, Bci\, 25, 2409, ” Jier., 34, 1662. 

* ® A.-U. far Teer- mid Erdot-Induatrie, D.R.P. 1^21,160 * 
fur Teer- und Krdok-Industrie, D.R.P. 111,^59. 

A.-G. fur Teer- und ErdoMndustrie, D.R.P. 130,679. 
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other, but dissolves with difficulty in cold benzene apd in water. From'dhc) 
latter it is obtained in ’leaflets containin^j water, m.p. 73-75° C. Being a 
polyvalent phenol, it is tliken up by soda solution in the cold, and gives a 
reddish- violet colour with ferric chloride. 

To this group of oxides belongs : 

Xanthene, the anhydride of ortho-dihydroxydiphcnyl methane, diphenyl- 
methane oxide ‘ 

• 6„H„ which is the *oi11y representative 

0 ' " 

in tar of a G-membered ring containing oxygen. It^bas not yet been directly 
isolated from tar, but its presvmce is rendereid probable by tlie fairly definite 
substantiation of the existence of orthodilivdroxydiphenyl methane, a 
ccJiiipanion of the above mentioned orthodihydro\ydi])henyl. 

The following su/phur conipoinnU correspond with the above vlescribed 
oxides : — 

H H n 
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. h/Y-,h 
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Thioplu'iie, 

Thiocoimiaionc, 

Dipl 

K•nylelu‘ Siiljiliidi 


C«H,S 




Only thiophene and its homologues have any importance 

Thiophene— CjlI^S ;b.p. 84*r(5. ; specific gravity (15" C.) : 1 •070— is very 
similar to benzene. It was discovered by V. Meyer in coal tar benzole ^ and 
can bo removed by concentrated sulphuric acid,'’ or by basic merenric, sulphate.^ 
It is be^st obtained-^ by diluting the sulphuric acid immediately after its 
employment hi washing benzole, and steam distilling the diluted acid. When 
two to three times the (piantity of vater is* employed for the dilution, purer 
thiophene is obtained than when only an equal quantity of water is used, as 
in the« first case, the accompanying sul phonic acids of tri methyl ba^izene, and 
particularly of xylene (toluene sulphonic acid appears not to® be formed, or 
is decomposed only with great difficult y), arc not tplit by such strong dilution. 
The amount of thiophene present in benzole and its quanfftivc determination 
have already been dealt with. 

yiiq homolVigues of thiophene— the tliiotoknes and thioxencs — accompany, 
toluene aiid*" xylene respectively, and have been obfliined from the acid 
employed in washing toluole and xylole in a similar manner .as' has thiophene.'’ 
(For Ipiantitivo test for thiotolene, se5 “ Toluene”). 

• Tiliocoumarone — (Thionaphthene) ;* ( S ; m.p. 3] “ C, — has so far only 
been prepared synthetically, but probably occurs in naphtli.-Alone oil, together 
with naphthalene pf, which tire point is identical. . ^ 

‘'Diphenylene Sulphide, notyetbepn isolated from tar, 

but proljably accompanies the con;esponding oxide, as sidphur is alwtiys present 
in the potassium sjlkali melt of iluorene. , « 

A* final group of neutral constituents of coal tar is formed by. certain 

16, 146.^>. “ V. Meyer, Bcr., 17, 2841. 

^Coiitpare Volhard, Lichyfs Anv., 267, 72. *, . 

* Schulze, 7*r., 18, 497. * Schulze, Ber,, 17, 2852, 
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^jubstances containing nitrogen, itf wjiicli the ring containing the nitrogen or 
the infiide group in a ^-meoihered ^ring. The 6-nrCinber(fd ring eo/itaining 
nitrogen ia characterised by strongly basic propertrtis (Aniline, etc.). 
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Pyirolc, 

Illdolo, 

Carbozole, 

t'4lI.^.N 

yH7N 

C,J1,N 


Pyrrole— C, y b.p 1.33 ( !. j specific gravity, *1 077 — was discovered*in 

coal tar 6y*Riinge.^ 

It i.s readily*soln]>le in ether and alcohol, ‘ind turns brown in the ;ur. It 
is a stable substance, but is ])olymerisi‘d into irlpijrrole by the passage of 
dry hydrogen chloi ide into it in ethen^al solul.ion. When healed to 300“ C., 
tripyrrole decomposed into amiuonia, pyrrole and indole. 

Indole, C„H -N, a weak base, has not yet been identified in coal tar. 

Carbazole — ^ P- present in tar in con- 

siderable (juautities, and has a certain technical importance. It crystallises in 
white leallot^, and is intimately associated with anthracene, from w'hich it is 
removed with great difliculty by solvents, except pyridine bases (see above 
under Anthracene). On the other hand, the separation is easily ettected by 
potassium alkali melt. The potassium compound of carbazole has long* 
been known." 

^CUrbazole rcsemliles a hydrocarbon in giving a sulphonic acid and a jiitro- 
*compoui?(l (compare, for instance, PI. Wirth, D.P. P. 138,853). It can be 
identified by a number of colour reactions. ^ * 

Dinitrocarhdzole is easily* converted into para-diamidocarbazole, 
Cjoll,(xN 11 . 2 ) 2 , from whic4i, by coupling with salicylic acid, is obtained the 
substantij^' dye stuff, carbazole yelfow'. 

Biioaorarhizoley is employed as an antipyretic.^ Hydro- and 

Nitroso- compounds ar* kn^wn. • , 

Phengl para Nuphtlujf (Uirhazole — (■jj.lIj^N ; m.p. 330“ C. — is obtained by 
subliiiiing the residue from distilling crude aifthracenc, and is white when 
pure. It does not dissolve to any important extent in, but im^:tfirts an intense 
blue fluorescence to the usual solvents. 

Like tlie p'dre liydrocarbons, the oxygen, nitrogen and sulphur compounds 
are present in coal tar to an* extent determined not bnly by the conjunction 
of three rings, but by the benzene* ring being substituted by a naphtjialcnie 
ring, as, for example, in the case of naphthybphenyl-benzene. These v^i-y 
high boiljng bodies arc to be found in pitch. • ^ * 

* Acid Substances — Phenols^ are chtracterised by containing oxygen in 
the dde chai}iy a^id many liomologues, including the two naphthols, itivc been 
, identified in tar ; but not, howmver, the anthrols, I’ob^valent phenols with one 
‘ side chain, §uch a^ brenzcatechin, have not ynt been found in coal tar, but 

t 

^ To[j(jedorfs Ann., 31, 67. 

“ Guvbe, 1880, Ann., 202, 22 . ' 

3 Classpii, D.R.P. 81,929. 
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only in such material such as low tempcrajbui'e distillation tar.^ These aeid'oilsl 
the phenols, whiclf may (Constitute as mucli as 40 per cent, of their part'^culai* 
fractions, are absent only in tluj lowest, ‘oecause tlie first representative, 
carbolic acid, boils at 184" ; but they are found in the highest' boiling fractions. 

Phenol — C^AI^.OH ; b.p. 183-184” (cor.) ; s.p. 40-5"— -is of very great tech- 
nical importance, and is one of the most valuable constituents of coal tar. It is 
obtained crude by the extraction of a fraction more or less restricted in nwage 
of distillation— carbolic oil— by meaBS of sodium hydroxit^ evolution, and the 
neutralisatioii of this by UiCjans of oarbonic or sulphuric acid. The separation 
of phenol from the cresol is based oh the stronger acidity of the former,^ 
followed by fractional distillation and by partial solitlificalion. 

Tt is, however, very dillijjult to obtain it cl/omically pure, in which 
condition it remains colourless and solid. The smallest (piantity of impurities 
ca^uses it to turn red, and to become moist when standing in contact with the 
air, especially in summer-time. The solidification point of phenol,„which is 
the most important measure of its value in industry, is depressed to an 
extraordinary extent by the presence of quite small quantities of water or 
cresol. Pure phenol must, of course, dissolve to a completely clear solution, 
and must not show any turbidity when diluted to any extent. The 
Pliarmacopuuia requires that acid uni carboliciim shall melt from 39-40° and 
dissolve to a cU'ar dilution in 15 parts of water. Further, a liquid carbolic 
acid, “acidum (iarbolicum liqiiifactiim,” is officinal. 

idle most sensitive test reagents for phenol are bromine water, or a 
solution of mercuric nitrate containing nitrous acid (Millon’s rengamt). 

The (piantitative determination of phenol in the nreserKie of cresols can 
be made with considerable accuracy by the methods of Weiss ^ and of Fox.*^ 
The employment of pbenol for purposes of disinfection is well known; it 
is also used in the preparation of dyes, mono- and di,-nitroj)honol, and picric acid. 
The ‘latter can also be manufactured from benzene by the conversion' of 
diuitrochlorobenzene into dimtrophenol. An important '(juaiitity of phenol 
is used also ill the preparatiim of salicylic qcid. In commerce is- found not 
only coal tar carbolic acid, but also a synthetic ])roduct ])rcpared from 
sodium benzene siilphonate.’'* , 

Phenol Hydrate— m.p. 17 ‘2°C. — contains J 6 per cent, 

water, which begins to separate at 100° C. , • 

Cresol, exists in the form ofVhrije isomers in the average 

proportions of ortho-, 40 per (jent., incta-, 35 per cent , and para-, 25 per cent. : 
each of these is produced on a commercial scale. * 

Ortho-Cfesol, (1:2); m.p. 30° c: ; b.p. 191° C. ((mr.) ; specific gravity 
(15 5° (b): 1^518. 

Meta-Cresol, (1 :«3), sobdih.is oqly with difficulty, after which it melts at 

C.^ b.p. 203° C. (cor.) ; spe(3ilic gravity (15 5“ C.) : 1-0387. 

^ t Pcira-Cresol, (1 : -1); m.p. 30° C.; H'p. 202° C. (cor.); specific gravity 
(15*5° C.): 1-0388. , 

The separation/)! th^ three cresols from tar has been the subjiict'of a vevy 
large aiqount of work, dealing mostly vvihli the separation of,meta- and para- 

^ Boniatein, ,*35, -J324. ^ , 

2 Cforiijtare Miilkr, Z. f. Ohcni., 18(5.'), 270 ; {irid in greater detail, Luiige-KAler Industries 
des SteinkohlciUeers, all edition, ]). 516. 

3 J. Tnd. an, I En^. tJhem., 1917, .569. 

« J. iioc. Cke^n. JhH., 1917, 842. 

^ Ney, reported in O/i e/a. Trade Journal, 191.5, 861. 



APPENDIX 1. 


159 


ercso^g since the ortho-compound oftii^be sufficiently well obtained by fractional 
distilMion. ^ 

The most import;iiit processes ?ire covered by therfollowing patents : Eiehin, , 
D.R.P. r)d,;i07, nPakes use of tlie ditferent solubilities of the barium , salts ; 
Ledorcr, D.U.P. 79,514, employs chloracetic ac'id; Byck, •1 j).K.P. 100,418, 
treats the material with various salts; llaschig, D.ll P. 112,845, sulphonates 
thoimixture of meta- and para-cresols, and sepj>,rates by crystallisation of the 
para-siilphonic ack’,,or of its sodium sivjt; Easohig, D.E.P. 114,975, treats 
the mixture of siUphonic acid with superheated steam at 120-185“, whereby 
the meta-cresol sulphonic acid beinj* decomposed, meta-cresol distils over, 
whilst the para-sulplionic acid remains unchanged; Eutgers, D.E.lk 137,584, 
and 141,421, separates j^ra- from meta-cresol by means of anhydrous oxalic 
acid, the former being precipitated in the form of the solid oxalic ester ; 
Ladenburg, D.E Jb 14<S,703, carries out the separation by means of sodium 
bisulphat|' .containing pyrosulphate ; Ladenburg, lAE.P. 152,652, prepares 
meta-cresol from crude crosol by means of the small solubility of tlie neutral 
calcium meta-ci^solf»tc ; finally, Gentsch, J).E lb 156,761, and 157,616 sepa- 
rates the cresols by means of potash. 

Schulze, who separates the three isomers of coal i-ar cresol by fractional 
saturation or preparation of the potassium sulphonates^, estimates the con- 
tent as being ortho-crcsol 35 per cent., meta-cresol 40 per cent., para-cresol 
25 per cent. These figures arc undoubtedly accurate in spccihc cases, but it 
is incorj’oct to assume that they hold good for commercial cresols in general, 
as these vai^ according to the origin of the tar, the method of working up, 
and tlie distillation range of temperature. 

The “100 per cent, liijuid carbolic acid” which constitutes commercial 
cresol, and consists of a mixture of the three isomeric cresols, more or less 
phenol, and some ethyl phenol and xylenol, is employed almost entirely for 
pur^ioses^f disinfection. • 

Attempts have been made to overcome the disadvantage of its Ipw solu- 
bility in water by means of numerous additions, such as lingeed oil soap 
(liquor cresol i sapouatus), resin soap, sulphuric acid, salicylic acid salts, 
sulphonic acid salts, and many others. 

On tl^^elative toxic power and power of disinfection, an enormous amount 
of work, has been done and described without, till now, an agreement having 
been attained. * • 

Attempts have been made to reduce cresol by means of hydrogen and nickel^ 
to cy(Jlohexanol or cyclohexanone for employment as a substitute for camjihor,® 
•or for use as a solvent, in which cas^O the cost of reductioi| \fould be njuch 
too high. A e,r:qsol fntetion, rich in meta-cresol, is employed inconsiderable * 
quantities in the explosive industry for the preparation (^f trinitro-meta-cresol — 
“cresylite.” A very good metjiod for tRe determination of mcta-cresol if that 
of Easchig,'* which consists of treaffing a solution of cresol in sulphurit aqJdT 
with concentraUid nitric acid, whereby the meta- com pound is trinitrated, and 
tl^e ortho 'and j)ara-cresols are oxidised to oxabc*acid/ Tiig mode of carrying 
out this reactioi^is tfie so-called Freich mefliod, whicb is the same in j)j’incipie, . 
but is decidedly to be preferred. • 

^ Lately, cresol as web {gs phenol has been condensed \yth formaldehyde 
for the preparation ol artificial resins^ ebonite Substitutes, and the like! As 
tho»e material!:^ made out of Ordinary cresol, have too strong an odour, the 

, ^ 20, 410., • .* 2 Sabatier and SeiTlloietis. •• 

HasGiig, D.R. it 174,^*14. ^ Z.f. angew Chcni ^ 1900, 7^)9. 
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more feebly smtumig pure ortho-creyol is ismployecl, with which very usfifii? 
results liave actiuiily be(Ai obtained.^ * 

^ The Dimethyl Phenols— CgtJ.j(Cil^).>(OH), 1 : ?> : 5,— and 1, : 2 : 4 
xt/lenqh have been identified^ in tar ' 

a- and /?'Na})hthol, are found in tar (compare the notable work 

of Schulze), 2 blit both are far more cheaply prepared synthetically from 
naphthalene. « ‘ ^ 

a-Na/i>hthol — m.p. 9t-96^C.; b.p., , 278-280° C. ; specific^ gravity 1*224 — con- 
sists of brilbaut needles. It voli\tilises in steam and is sparingly soluble in 
hot water, but easily soluble in the ushlil solvents. 

ji-NapkHiol — m.p. 122-12.‘1° (1. ; b.p. 291“ (1. ; specific gravity 1*217 — vola- 
tilises sparingly in steam, but is as soluble in varioufs li(piids as a-naphthol. 


Rosolic Acid— 


CJl 


4 \ 


1 ^C. 

0 




was first disenvered in coal tar by lUingc in 18.3 1, though it had probably 
been formed by siibse^pient chemie.al treatment. Its main interest lies in its 
being the most likely substance resjionsible for the pink colour which is slowly 
formed in phenol. 

The bask cotififituentH of coal tar are present in all fractions; they are 
extracted by dilute sulphuric acid, and precipitated from their sulphuric 
solution by means of ammonia or sodium hydroxidi;. The follow«ing groups of 
substances contain the nitrogen atom included in the ring : — 
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Pyridine, 

Quinoline, 

Iso(|Uiir»line, 

Acriiliiie, 
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Pyridine -Cyll_^N, s.p. -42“ (k ; b.p. lir)“(k ; specific gravity (l^^'i2.): 0*978 
— was discovered in c^al tar by (Ireville* Williiyns.r It constitutes 'che most 
important body in the bases employed on the "Continent for denaturing 
purposes where, according ttf the requirements of the Inland Uevenuc, y* shall 
distil 90 pertcent. from 90-160°. An industrial quality of jiyridine, b.p. 

can be employed for the preparation of tlie pure substances 
by means of the zinc double salt. "• ' 

lit behaves like a true alkali, precipitating ^‘hydroxides from salts of the 
Mvetijs, and forming stable salts soluble, in \later. It resists the action of 
fuming nitric and chromic acids. 

Pyridine is cm^ioyi;'d as,, a solvent, for the purposes of corabiiiing with 
acids in certain reactions, and ftr the ^|)rcparation of , piperidine, a chailge 
which dan easily be carried out electrolytically.* This reduction of pyridine 
to piperidine has not yet been achieved by Sabatier’s method. 

The three Methyl Pyridines, a-, fS-, and y-y 

^ Bayer and Co., U.R. P. 201,261. ’ * Liehlq^s Ann. 227, 143, 

8 Po^q. AiCnt spirit- 512 ; 32, 308, 323.' * Merck, D.K.P. 90, .^08, 104,664. 

® See also Eckert, and Loria, Monatsh., lOl?, 38, 225 ; J. Chem. Sot.', ,1918, Abstr. 1, 79. 
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Picolines — CgH^NI b.p.^lB5'’C. ; specific igravity (0°C.): 09613 — 

(CHg); • * • 

have all been identified in tar; of these the a-compound can be oljtained 
approximately pure by fractional distillation. • . 

a-Picoline, b.p. 133‘6 (cor.) ; specific gravity (10“ C.) : 0-952. 

• P-Picoline^ b.p. 143*5 (*cor.) ; specific gravity 0*9726. 

S Picoliney b.a J42*5-144*5 (cor.) ; specific gravity 0-9742. 
imethyl Pyridines (Lutidines), C<jHj,N.(CHg) 2 , the* Trimethyl 
Pyridines (Collidines), CgH 2 N(CH*)g, and the Tetramethyl Pyridines 
(Parvolines), 0gHN(CHg)4, are also present in coal tar, but are difficult to 
obtain pure. All these^bodies are accompanied by primary bases, such as 
aniline, which can be removed by diazotizing. 

Quinoline — CgH^N ; b.p. 239-240“ C. ; specific gravity 1*081— occurs in 
appreciaj)!© quantities in coal tar, but this source "is competed witK by ^ts 
synthetic production from nitrobenzene, aniline, glycerine, and sulphuric acid. 
It is used for the preparation of the ortho- and para-sulphonic acid, and of 
hydroxquinoline. Quinoline is accompanied by 

Isoquinoline— CgHyN ; m.p. 20’ C.; b.p. 236-»237’ C.— to the extent of 
about 1 per cent., which boils at almost exactly the same temperature. It is 
solid, having a clinging odour, quite different from quinoline. It was first 
discovered in coal tar by Hoogerwerf and Van Dorp,^ by separation from 
quinoline by means of recrystallisation of the acid sulphate, whereby a very 
valuable preparation was obtained. Isoquinoline is employed in the pro- 
duction of a very valuable red dye — quinoline red — which is employed in 
photography, and for staining microscopical preparations. 

a-Methyl Quinoline (Quinaldine), CgH 6 N(CH 3 ), b.p. 238-239’ C., and* 
jS-Methyl Quinoline (Lepidine), C 9 HQN(CIIg), b.p. 250-257° C., specific 
•gravity ^15° C.), 1*072, are present in coal tar. • 

Acridine — CjgHgN; m.p. 107° C. or 111 ° C.; b.p. over 360° C. — C|;ystalli8e8 
in fine, clear, yellow prisms, and is to be found in crude antbjracene. It is 
a stable substance and is readily soluble in ether, alcohol, carbon disulphide 
and hydrocarbons. It is intensel}^ irritating to the mucous membrane and 
to the so that its preparation is a somewhat unpleasant operation. At 
the pre,8ent time, it is a relatively costly product, but could be prepared at a 
cheaper price if demand ^we greater. • 

Other bases oocur in coal tar in which the mtrogen is present in the side 
chaifi, such as — 

' Aniline-CANH.,; s.p.-8°C.«; b.p. 182’C.; sp. gr. ^16°C.),: 1*020 
— occurs to , qply S, small extent in coal tar, so that tlfts source is* 
negligible as cbmpared with^he synthetic productioin 

In addition to the compoijnds described up to the present, there ar« to be 
found in coal tar, ketones, ni trileft, paraffins, olefines, and numerous «hy^- 
genated substances. With the exception of benzonitrile, none of these 
|ubstancjes are of value. • * ^ . 

Acetone ^was,* obtained by JEeuslA^. Methyl ethyl ketonc* by_ 
Schulze 8 ; and"!Acetophenone by Weissgprber.^ 

Benzonitrile, CpHf^,CN, was found in carbolic oij by Kramer and 
Spilkeiv. ^ S)Lccording co the D.R.P. 109,122 ol^the A.-G. fur Teer- und*Erddl- 

• i Recudl, 4. 125*; 5, 305. . • 

28, 488. “ , 20, 4M. 

•« Sen, 86, 754. ^Ber.,Z3,78. 


11 



162 80KE-OVEN AND BY-PRODUct WOKI^S CHEMISTRY. 

Industrie, it is converted into benzoic acid^bjifchydrolysis with sodium hydroxide^ 
Bolutiorf of specific ‘gravity 1*4, the resulting preparation being distingilished 
•by its freedom from chlorine. 

Of ^ the Aliphatic HydfOCarbons a number of the "members of the 
saturated series 'Ifave been isolated and identified as well as of the unsaturated. 

There are also present Hydrogenated Bodies other than the above 
mentioned, such as hydrobenzane, hydronaphthalene and hydroacridine. • It 
has been found that the specific gravities of paraffin, isolatpd^ from the various 
fractions, is higher than would be, expected from a comparison with mineral 
oil with paraffin fractions of the sam^ boiling points. There is considerable 
reason for thinking this to be due to the presence of Naphthenes, a 
series of polymethylerie hydrocarbons consisting of*' simple and substituted 
rings.^ These substances are unaffected by 100 per cent, sulphuric acid, but 
are attacked by oleum with the generation of sulphur dioxide. 

Abbreviations. 

b.p. Boiling point. I f.p. Freezing point, 

s.p. Solidifying point. | sp. gr. Specific gravity. 

Note. — There is much interesting and careful work on Coal Tar details 
published in the two American journals : Metallurgical and Chemical Engineer- 
ing and Journal of Indmirial and Engineering Chemuiry. 

1 

^ Compare, for instance, Ahrens, Z.f. angew. CJiem., 1908, 1411. 
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INTERNATIQNAL ATOMIC WEIGHTS. (1918). 

IFitk Multiples. 


Aluminium 

A1 

27-1 

x2 

54*2 

x8 

81-3 

Antimony 

Sb 

120-S 

240*4 

360*6 

Argon 

A 

39-88 

79-76 

119-64 

Arsenic 

As 

74-96 

149*92 

224*88 

Barium 

Ba 

137-87 

•274*74 

412*11 

Bismuth 

Bi 

208*0 

416 

624 

Boron 

B 

11-0 

22 

33 

Bromine ... . . 

Br 

79*92 

169*84 

289*76 

Cadmium 

Cd 

112*40 

224*8 

337*2 

Cfesium 

Cs 

132*81 

265*62 

398*43 

Calcium 

Ca 

40*07 

80*14 

120*21 

Carbon 

C 

12*006 

24*010 

36*01f 

Cerium 

Ce 

140*25 

280*6 


Chlorine . . . . • . 

Cl 

35*46 

70-92 

106*38 

, Chromiui^ 

Cr 

52*0 

104 

166 * 

Cobalt 

Co 

68-97 

117*94 

126*91 

Columbium 

Cb 

93*1 

186-2 , 

279*3 

Copper • 

Cu 

63*57 

127-14 

190-71 

Dysprosium . . . 

Dy 

162*5 

325*0 

487*6 

Erbium 

Er 

167-7 

336*4 

603*1 

Europium « 

Fluorine* . • 

Eu 

152*0 

304 

466 * 

F 

19*0 

38 

67 

Gadolintum . . • 

Gd 

157*3 . 

314*6 

471*9 

Gallium . • *. 

Ga . 

69*9 

139-8 

209*7 

Germanium . ' . . 

Ge 

72*5 

145 

217*5 

Glucenum 

G1 

9*1 

18*2 

27*8 

^ Gold 

• Au 

197*2 

394*4 • 

691;6 , 

* .Helium . . . • . 

He 

4 

8* •• 

1^ ' 

Holmium . » . 

Ho 

163*6 

327*0 

490*5 

Hydrogen . . . *1 • 

Indium 


1 *008* 

2*016 

3-02< 

In 

114*8 

229*6 

344*4* 

Iodine * . < 

I 

126*92 

268*84 

380*74 

Iridium ... . . 

Ir 

193*1 

386*2 

679*3 

Iron ........ 

Fe 

66*84 . 

•111*68 

167*52 

Krypton ‘. . . 

Lanthanum ...... 

Kr^ 

. ^2*92^ 

164*84 

247*76 

, La 

139*0* 

278 

417 

Lead . . 

Pb 

207*20 

414*4 

621*6 

Lithium .... 

Li • 

6*94 

13*88 

20*82 

♦ Lutecium . , . • . 

Lu 

m'O 

356 

626 . 

Magnesium % 

.Mg 

24*32 

48*64 

72-96 

. Manganese * . 

Mn 

64*93 

V)9*86 

164*79 

Mercurv . . ... 

.Molfbdenum • • . 

■JHg 

200*6 

.401*2 

601*8 

•Mo 

96*0 


288 





• — 1 

t— 
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iNffERNAiTONAii Atomio Wbightb — Continued. 

« 


^ t * 

Neodymium 

Nd 

144-3 

‘x2 

288 6 

x8 

432-9 

Neon .... 4 . 

Ne 

20-2 

40-4 

60*6, 

Nickel . . . < . . 

Ni 

68-68 

117-36 

176*04 

Niton .. 

Nt 

222-4 

4*14-8 

667-2 

Nitrogen . 

. N 

14-01 

28-02 

42-03 

Osmium . .... 

* Os 

190-9 

381-8 

572*7 

Oxygen 

0 

16-00 

32 

48 

I'alladium . .... 

Pd 

106<7 

213-4 

320*1 

Phosphorus . . .• 

P 

31-04 

62-08 

93-12 

I’latinum .... 

Pt 

195*2 

390-4 

585-6 

, Potassium .... 

K 

39 TO 

78-2 

117-3 

Praseodymium ' 

Pr 

140-9 

281-8 

422-7 

Radium .... 

Rd 

226-0 

452 

• 678 

Rhodium 

Rb 

102-9 

205-8 

308*7 

Rubidium . 

Rb 

86-45 ' 

170-9 

256-35 

Ruthenium 

Ru 

101-7 

203-4 

305-1 

Samarium . . 

Sa 

150-4 

300-8 

451-2 

Scandium 

Sc 

44-1 

88*2 

132*3 

Selenium 

Se 

79*2 

158-4 

237*6 

Silicon ... . . 

Si 

28-3 

56-6 

84-9 

Silver . 

Ag ; 

“107-88 

215*76 

323-64 

Sodium 

1 Na j 

, 23-00 

46 

69 

Strontium ... 

Sr I 

i 87*63 

175-26. 

262-89 

Sulphur 

S 

1 32-06 

64-12 

96-18 

Tantalum . ... 

Ta 

1 181-6 

363 

544-5 

Tellurium .... 

Te 

127-6 

265 

382-5 

Terbium 

Tb 

169-2 

318-4 

477-6 

Thallium 

T1 

204-0 

408 

612 

Tljorium ^ 

Tb 

L32-4 

464-8 

697-2 

Thulium 

Tm 

168-5 

337 

: 505-6' ‘ 

Tin 1 ... . 

Sn 

118-7 1 

-237-4 

356*1 

Titanium • 

Ti 

48-1 

96-2 . 

144*3 

Tungsten 


184-0 

368 

552 

Uranium ... 

U 

23S-2 

476-4 

714-6 

Vanadium . . . . 

iV 

51-0 

102 

163 

XeAon 

Xc 

130-2 

260 4 •n 

390-6 

Ytterbium (Neuyttorbium) 

Yb 

173-5 

347’ 

,520-5 

Yttrium . . . « . 

It 

t 89 T 

178 

267 

Zinc ' . 

Zn 

65-87 

130-74 

196-11 

Zirconium . . . . « . 

Zr 

90-6 

' 181-2 

271*8 

t 


There has been no change from 1917.* 
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StANDARE^ SoLUTIpNS FOR VOLUMETRIG AnAI,YSIS. 

« 

Normal l^l\\HydrochloricAcid, containing 36*^6 grammes of HCl per litre/ 
and prepared by diluting 82*3 c.c. of concentrated aci^ with w^er to 
make I litre, the solution being standardised by means of d^cinormal alkali. 

Normal (N/1) Sulphuric Acid,, containing 49*04 grammes of HgSO^ per 
litle, and prepared by diluting 52 to 53 graiAmes of concentrated acid with 
water to make l^i^re, the solution being standarised with anhyjirous sodium 
carbonate in presence of methyl orange. • 

Decinormal (N/10) Oxalic Acid, containing 6*302 grammes of HgCgO^d- 
2 H 2 O per litre. ^ 

Normal (N/1) Caustic Potash, containing 56*16 grammes of KOH per litre, 
prepared by dissolving about 8 grammes of purest KOH in 200 c.c. of water, 
eliminating carbonic acid with baryta water and making up the filtrate to 1 
litre, tho solution being standardised with decinormal acid. 

Normal (N/1) Caustic Soda, containing 40*06 grammes NaOH per litre, 
prepared and standardised in the same way as normal caustic potash. 

Normal (N/1) Ammonia, containing 1*703 grammes of NHy per litre, 
prepared by diluting 9*25 c.c. of 20 per cent. ' ammonia to 1 litre, the 
solution being standardised with decinormal acid in presence of luteol. 

Decmormal Baryta Wafer, containing 8*572 grammes of lia(HO )2 

per litre, and prepared by dissolving aboTit 18 grammes of crystallised barium 
hydroxide and 1 gramme of barium chloride, filtering the solution out of 
contact with air, making it up to 1 litre, and standardising with decinormal 
hydrochloric acid 

Normal (N/1) Sodium Carbonate Solution, containing 53*05 grammes of* 
anhydrous NagCO^ per litre, and prepared by dissolving 143*1 2 grammes of crys- 
talline carbonate to 1 litre^the solution being standardised with normal acid. 


Normal (N/1) Nitric Acid contains 

63*018grnis.HNO3 perditre. 

Decinormal (N/10) Potassium Permanganate 

contains 3*161 ,, 

KMif 04 per litre. 

Decinormal (N/10) ,, Dicliromate 

„ 4*903 ,, 

K2Cl*20>f ,, 

Decinormal (N/10) Iodine • 

„ 12*692 „ 

I 2 n 

Deoi!iorina],(N/10) Sodium Thiosulphate 

„ 24*822 „ 

Na 2 S 2 ^ 3 * 5 H 20 ,, 

Deifinormal (N/10) Arsenious Oxide, 

„ 4*948 „ 

■^^8203 , , 

Decinormal (N/10) Silver'lfitrate 

16*9if9 

AgNOa 

jpecinormal (N/10) Sodium Chloride 

„ • 5*846 „ 

NaCl 

Decinormal (N/10) Ammonium Thiocyanate 

n 7*612 


Decinormal (N/10) potassium Thiocyanate 

„ 11717 „ 


. INDICATORS. 

% 

Methyl Omnge—\ gramme per litre. Colour pink in presence of acid, 
and yello»w in alkaline solution suitable for titrating hydrochloric, sulphuric, 
and nitric acids, strong bases, ampionia, ^oda and* borax, but not for fhtty 
acids, oxalic acid, carbonic acid, and boric, acid. Small quantity sufficient ; 

• not suitable for hot solutions. ^ 

Congo ^ — Solution cOxisists of 0*5 grafnme dye, 90 c.c. watdr, and 
Kkuc. of 96 per cent, alcohol. • Colour Cluisl^ violet to blue in acid liquids, bright 
red in 'alkaline. Suitable for titrating mineral acids, fixpd alk^bs and alkaline 

* earths, ammcifii?, alkaloids, but not for weak acids or in h*ot solutions. 
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« Cochineal — Solution, 3 gifammes of , whole cochiijeal extracted with, ‘250 
c.c. of ‘25 per cent, alcohol. Reddish yellow in 'acid liquid. Tioiet iri 
. alkaline. Suitable for anif.nonia and minera'i acids, but not for organic acids. 

Solution, 1 : 10,^ red in acid liquids and blue with violet tinge in 
alkaline. Suitable for, hydrochloric, sulphuric, and nitric acids. Caustic 
soda and potash', barium hydroxide and ammonia, but not for carbonates, 
borates, phosphoric acid, or sulphuretted hydrogen. » 

Rosolic Acid — Solution, 0*5 graijame in 50 c.c. of alcohol, aijd 50 c.c. of water. 
Phenolphthalein — Solution, 1 gramme in 100 c.c. of 96 per cent, alcohol. 
Colourless in acid liquids, red in alkUline. Suitable for strong bases, acid 
phosphates, oxalic acid, and other organic and inorganic acids, especially weak 
ones, but not for weak bases, ammonia or boric acid.* 

Luteol — Solution, 0*1 gramme in 50 c.c. of 96 per cent, alcohol. Colourless 
in acid liquids, yellow in alkaline. Suitable for titrating ammonia (4 drops 
in* 50 c.c. of test solutioil). . , 

Decinormal solutions are prepared with water measured at 15" C., and in 
order to obtain precise results, the volume of solution consumed in titration 
should be corrected to that temperature. The factors with which the number 
of c.c. of decinormal sdlution consumed should be multiplied in order to 
obtain that correction are given in the subjoined table. 


Factors for Correcting the Volume op Decinormal Solutions to 15“ C. 


Tem})eratnve. 

Factor. 

Temperature. 

Factor. 

15"C. 

1-000000 

src.. 

0*999057 

16"C. 

0-999870 

22"C. 

0-998867 • 

17"C. 

0-999728 

23"C. 

0-999864 

' 18’0. 

0*999576 

.24“C. 

0-98433B 

19"C. 

0 999412 

25*C. . 

0-998207 

20T. 

0*999238 

1 
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TABLES FOR USET 1n VOLUMETRIC ANALYSIS. 
Equivalence of Standard Acid Solution. 


* " • 

^ 1 c.c. of Normal Ajid coiTesj^onds to 

Gram. 

Ammonia 

• NH 3 

0-01703 

Ammonium 

nhI 

0-01804 

Barium hydroxide 

Ba(OH )2 

0*08572 

Baryta crystals , . ^ 

Ba( 0 H ).2 + 8 H 20 

0-15778 

Glycerine (acetin method) 

CsHgOa 

0-08068 

Calcium carbonate 

CaCO .5 

0*06006 

Calcium hydroxide 

Ca(OH)., 

0 -.03707, 

Calciun^oyide ... ... 

daO 

0-02806 

Calcium sulphate 

CaSO, 

0-06809 

Potassium 

K 

0-03916 

Potassium bicarbonate ..... 

KHCO 3 

0-10016 

Potassium carbonate 

Potassium hydroxide . 

KoCO-i 

AO 11’ 

0-06916 

0-05616 

Potash 

KoO 

0-04715 

Magnesium 

Mg 

0 01218 

Magnesium carbonate 

MgCOa 

0-04218 

Magnesia 

MgO 

0*02018 

Sodium 

Na 

0-02805 

Sodium bicarbonate 

NaHOOo 

0-08406 

Sodium carbonate 

NojOO, 

0-06306 

Sodium carbonate, crystals 

NaoCOa i lOHgO 

0-14313 

Sodium hydroxide 

'NaOH 

0-04006 n 

Soda 

NaaO 

0-03105 

Sodium tetraborate 

NaaBA + lOHaO 

0-19115 

Nitrogen (in NH 3 ) . . * . 

N 

0 - 01^01 

Malic acid 

C 4 RA 

0*06702 

Formic acid 

HCOOH 

^-04602 

Succinic acid 


0-0.5902 

Hydrobromic acid . . * . 

HBr 

0 08097 

Hydrochloric acid . * 

HGl 

0*08646 

Citric acid . . 

C«HA 1 H.p 

0-07003 

Acetic acift. ^ . 

• 

C 2 H 4 O 2 

0-06003 

0 346 

Rosin acids (Twitchell methoci) . . 

H, 

0-12797 

Hydriodic acid . ^ ^ 


0-09006 

' L^tic acid 

* ^18^34^*2 

0-28226 

Olwc acid ... .... 

C 2 H 204 + 2 H 20 

0 06802 

Oxalic acid, crystals ... • . . 

Oxalic acid, anhydrous^ ... 

C 2 H 204 . • 

KHC 2 O 4 hC^HAt* 

0i)46j)l 

Potassium oxaiatfi ...... 

i- 2 H 20 “ j 

0^-08474 

Palmitic acid . . . .• . 

C 2 JH 32 O 2 

0-2^624 

Phosphoric acid (methyl orange)# 

H«P04 

0-0980 ^ 

Phosphoric acid (phenol phthalein) .' . 

H 3 P 04 

0-0^90 

Salicylic acid, orystals 

. ■ 

0 13805 

Nitric aq?d J 

0-06302 

> Nitric anhydride’ • 

1 , 0 , • 

0-064(V 

Sulphuric acid ♦ i . . . • . 

H 2 SO 4 

04904 

Sulphuric anhydride 

SO 3 

0*04003 

Steario acid . . . , . 


0*28427 

Tartaripacid . . . ^ ... 

(Jeam of tartar . . * i 

• H 2 C 4 H 40 g 

0-0>602 

KHC 4 H 40 e 

• 

0-18819 
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Equivalence of. Decinormal Permanganate Solution. 


1 C.C. of Devnormal KMn 04 Solution (5*662 grams per litre) corresponds to 

n Gram. ♦ 


Lead , 


0*01034 

Calcium . < ‘ . 

Ca * • 

0*00201 

Iron 

Fe 

0*00659 

Fen’ous oxide 

FeO 

0*00719 

Ferric oxide 

FeaO^ 

0*00799 

FeiTo- ammonium sulphate 

FeS 04 +'(NH 4 ) 2 S 04 \ 

0-039217 

0-027805 

Ferrous sulphate . . . ' , . . 

Glycerine (Allen method) 

+ 6 H 2 O j 

(FeS 04 + 7H20) 

Indigotin 

/ KHCA+ \ 

0-0046 
.0*, 00741 

0-00635 

0*00275 

Potassium tetraoxalate . ... 

Manganese . . .... 

\C 2 HA 1 2 P 2 O/ 

Mn 

Manganous oxide . .... 

MnO 

0*00355 

Manganese peroxide . . . 

MnOg 

0*00436 

Sodium i)eroxide 

Na.Oo 

0*00390 

Oxalic acid, crystals . . 

H.A 04 + ‘ 2 H 20 

0*00630 

Oxalic acid, anhydrous 

H 2 C 2 O 4 

HNO 3 

0*00460 

Nitric acid 

0 00316 

Nitroue acid 

HNOg 

0*00235 

Oxygen (in acid solution) 

0 

0 00080 

Hydrogen peroxide 

n ..02 

0*00170 

Stannous chloride . . ... 

SnCl 2 + 2 H .40 

0*01129 


^ Equivalence of Decinormal Sodium Thiomlphate Solution.* « 


< ♦ 

1 c.c. of Decinormal Solutioii (24*83 grams per litre) corresponds to 

Gram. 

Broirinei.(free)^ . . ... 

Br , 

0*007996 

Chlorine (free) .... . . 

Cl 

0*003645 

Iron ... 

. Fe 

0-006688 

Ferrovs oxide . . .' . . ' . 

FeO 

0-0U7188 

f^^rric oxide . ^ 

' FegOs 

0-007988 

loCine 

I 

0*012697 

Potassium dichromate ^ 


0*004909 

Potassium perraangan^ite ; ^ . 

KMn 04 . 

0^003164 

Mauganese peroxide * 

MnOa , 

0*00436 

Oxygen (free) 

0 ^ t 

0*00080 

Hypochlorous acid ... . . 

Chloride of lime . . 

HOCl 

0*00262 

CaOClg 

1 0*00635 

Hydrdgen i)eroxide . , . ' . 

HgOg , 

0 00170 
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Equivalence of Decinormal Arsenioih Acid.* 


1 c.a of Solution (4*95 grams of^As-^O. 

per^litre) corresponds J;o 

Gram. 

Bleaching powder, regarded as free chlorine 

Cl 

0-003645 

Bromine ... V ... . 

Ri 

0-007996 

Chlorine 

Cl 

0-008546 

Iodine 

I 

0-012697 

Manganese peroxide 

MnO., 

0-J04S60 

Sulphuritted hydrogen 

"H.,S 

0-002656 


Equivalence of Decinormal Silver Nitrate, 


1 c.c. of Solufion (16*994 grams per litre) corresponds to 




,^ram. 

Ammoiiiura bromide . . ' . . . 

NH^Br 

0*009800 

Ammonium chloride . . . • . 

NH^Cl 

0-006849 

Ammonium thiocyanido ’«..... 

NH 4 CNS 

0-007611 

Bromine • . 

Br 

0-007996 

Hydrok-ofhic acid 

HBr 

0-068097 

Chlorijie 

Cl 

0-003546 

Cyanogen (Liebig) . v » . .• 

iJN 

0-005202 

Hydrocyanic acid . ?* . . . . > 

HCN 

0-005404 

' lo^ne 

I 

0-012697 

, Hydriodic acid 

HI 

0-012798 

Potassium bromide . . . . • . 

KBr 

0:pil911 

Potassium chloride . * 

KCl 

0*b07%6 

Potassium Gyaliiilb (liiebig) .... 

KCN 

0;013032 

Potassium iodide . . . 


0-016612 

Sodium bromide ....... 

NaBr 

o-ofbsoi 

Sodium chloride ^ . 

NaCl 

0-006851 • 

Sodium iodide • . 

Nal 

0-016002 

Hydroclvl,oric acid 

ilCf 

0-003646 

? ^ 

• 

A 
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Equivalence of jpecinormal Ammxmium Thiocyanate Solution. 

1 c.c. of Solution (containing 8*611 grains per litre) corresponds to 

Gram. 

Copper . . . . . . Oil * • 0*00686 

Silver * ^ . Ag 0*010793 

Silver nitrate . . . ‘ ‘ . . AgNOj, 0*016994 


Equivalence of Decinormal Sodium Chloride Solution, 

1 c.c. of Solrtion (6*85 grams per litre) corresponds to 

Gram. 

Silver ... ...... Ag 0*010893 

Silver nitrate . . AgNO;, 0*016994 


Equivalence of Decinormal Iodine Solution. 


1 c.c. of Decinormal Iodine (12*697 grams per litre) corresponds to 


Gram. 


Arsenious acid 
Antimony oxide 
Bromine (free) 

Tartar emetic 
Chlorine (free) 

Iron . 

Ferrous oxide 
Ferrous carbonate 
PotajsiuiQ dichrdm/ite 
Potassium perftianganate 
Sodium sulphite, crystals 
Sodiuiji thiosulphate . 
Sulphuretted hydrogen 
Sfiphtronsacid . 

Sulphur dioxide . 

Ferric oxide . 




0*00496 


Sb^O, 

P 00721 


Br 

0*007996 


K(SbO)C.HA+iH 20 

0018619 


< ,Cl 

0*003645 


Fe 

0 006688 


FeO 

0*007188 


FeCO^ 

0*011688 

' 

KaCroO^ 

0*004909 


KMnb4 ^ , 

0*008164 


Na2p03-h7H20 ■ 

0*012613 

* , . . t . 

Na,G „03 + SHjO 

0*02483 


r HoS 

0*00170 

*< 

H 2 SO 3 

0*00410 


SO 2 

0*00820 

‘ t ■ ■ 1 


0A007988 
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Taulk op Conversion Factors.* 

• * 


To Convert 

I'o 

, Multipl^r by 

•Acres. . . * . * . 

Atmospheres 

Atmospheres * ... 

Atmospheres 

British Thermal Units 

British Thermal Units 

British Thermal Units . 

B.Th.U. per cubic foot. 

B.Th.U. per lb 

Calories . .... 

Calori^p 

Calories per centimetre 

Calories per kiio 

Centigrade degrees \ 

Centimetres 

Cubic centimetres .... 

Cubic feet 

Cubic feet ... . . 

Cubic feet 

Cubic inches 

Cubic metres .... 

Cubic metffes 

Cubic metres per kilo 

Cubic yards ..... 

Feet 

Fahrenheit degrees . 

Foot-pounds . . . * . 

Voot-p'^unds 

Foot-pounds 

Gallons 

GallonB • . 

Grains . . ■ . 

Grammes • 

Gramfte^ . ^ 

Grammes per cubic centimetre . 
Hectares . *. - i • ■ *• 

. , Hectares . , . 

Hprse Power 

Horse Power 

^ Horse Power 

Inches . ^ . ? 

Inches mercul) jauge • , • 

Inches mercury gauge . • . 

Inches mercury gauge a . 

Inch^ water gauge . . . .' 

Inches water gauge .... 

Joules 

* Joules * ^ . 

Kilogrammes *. 5 . .• 

Kilos per square centimetre 

Kilos per square metre • • ■ 

Kilom^tre#^ . • . • 

Kilometres per hour , . . 

Kilowatts . • 

kilowatts . fc* • 

% • 

Hectares* 

lyios per syiare cm. 

Aim. of mercury 
^ouhds per square inch 
Calories 

Foot pounds 

Watt, hours 

Calories per centimetre 
Calories per kilo 

British Thermal Units 
Joules 

B.Th.U. j)er cubic foot 
B.Th.U per lb. 
Fahrenheit degrees 

Inches 

Cubic inches 

Cubic metres 

Gallons 

Litres 

Cubic centimetres 

Cubic feet 

Cubic yards 

Cubic feet per lb. 

Cubic metres 

Metres 

Centigrade degrees 

Foot-poundals 

Joules 

B.Th.U. 

Litres 

Cubic feet 

Grammes 

Grains 

Pounds (Av.) 

Pounds per cubic foot 
Acres • 

Square ’yards 

B.Th.U. pdl* second 
Calories per second 
Kilowatts 

Centimetres 

Atmospheres 

Riches water gau^ 
Pounds per square inch 
Inches mercury gauge 
Pounds per square inch 
Foot-pounrfe • 

Caloilres / * 

Pounds 

Pounds per square inch 
Pounds per square foot , 
Miles ♦ 

^inots 

B.ThtU. per second * 
glories per second • ^ 

•4047 

1-083 

•7fl0- 

14- 7 
•262 

777- 

•293 

8-90 

■550 

3-97. 

4180- 

T124 

1-800 

1‘8 and add 82 
•394 
•0610 
•0283 

6-25 

28-33 

16-4 

36-3 

1- 307 

16-01 

•765 

•3048 

Deduct 32, and 

xa 

32-2 . 

1 *356 
•(y0l29 

• 4-646 
•160 
•0648 

15- 44 , 

•002205 

62-4 

2- 471 

11,960- 

•707 
. -178 

• *744 • 

2-64 

•0»33 

13‘6 • 

•490 , 

•0736* 

•0360 

*738 

•000239 • 

2-246 

14-22 

•206 

•6214* 

•64 
•949 
• • *239 
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Table of Co^tversion EACfroRS— coTirtnwec?. 

« (, 4 


To Convert 

• » 

1 « 

To 

. Multiply by 

Kilowatts 

Foot-popnds per second 

738* 

Kilowatts * . 

Horse Power 

1*341 e 

Knots . . . . 

Miles per hour 

1T61 

Litres . • 

'Cubic feet * 

* -0353 

Litres 

Gallons 

•220 

Litres 

Pints 

1*76 

Logarithms (Common) 

Hyperbolic 

2-3028 

Logarithms (Hyperbolic) . 

Common • 

•4343 

Metres * . 

Feet 

8*281 

Metres 

Inches 

39*37 

Metres 

Yards 

1*094 

' Miles 

Kilometres 

1*,6(19 

Miles per hour 

Feet per second 

1-467 

Miles per hour 

Knots 

, -869 

M illimetres 

Inches 

*03937 

Ohms per centimetre cube . 

Ohms per inch cube 

•394 

Ohms per inch cube . . 

Ohms per cm. cube 

2*64 

Ounces (Av.) 

Grammes 

28*36 

Ounces (Troy) 

Grammes 

31*09 

Pints 

Litres 

•668 

Pounds ( A V.) 

Kilogrammes 

•464 

Pounds per cubic foot 

Grammes per c.c. 

•016 

Pounds per square foot 

K 1 I 0 .S per square metre 

4*88 

Pounds per square inch 

Kilogrammes per sq. cm. 

•0703 

Pounds of water evaporated from and 
< at 212® F 

Kilos of water evaporated 
from and at 100“ C. 

1 *3828 

Quarts 

Litres 

1*136 

Radians 

Degrees 

678 

Square centimetres .... 

Square inches ' 

•166 

Square inches 

Square centimetres 

e-iS* ' 

Square flet . ... 

Square metres 

•093 

Square metrea 

Squate feet 

18*76 

Square metres . . . . 

Square ^aids 

1-196 

Square miles ..... 

Square kilometres- 

2-69 

Square yards 

Squat e metres 

*836 

Tons 

Kilogrammes 

1015-h 

Tons per square inch .... 

Kilos square cm. 

^157.6 e 

Tons per square inch . # , 

Atmospheres 1 ^ 

* 152-4 

Watt-hours . . . '. 

B.Th.U. 

3-415 

Yards 

Metres 

•9144 ' 


' Note.—lw the a()ove table the calorie is the kilogramme cal(ft’ie, sometimes called the* 
“ large calorie.” 


Mensuration of Surfaces and Solids. 

t 

Area of a circle = Radius squared x 3T416, 

Volume of a 8pl^ere= x CT4^6 x radius cubed. 

Volume of a cylinder ^ Area of a base height. 

Circumference of a circle = 2 x,3‘1416 x radius. 

Area of sector pf circle «= Length of area x radius. 

Area of a segment of circle = Area of sector less area of trian^^e. 
Area of a squarej rhombus or rhomboid = Base x height. 

Area of ani<pquilatfiral triangle = Square of side x 0*433. ^ 

Area of trapezium = | sum of two parallel sides x height.* L 
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'4rea of regular p^ygon « Inscribe a circlS, then | radius of oyrcle, aAd 
length of one side x numbfjr of side. * * * 

Area of an ellipse = Major axis x minor axis x 0*7854. 

Surface of cylinder or prism Area of two ends x lengtl^ and perimeter. 
Surface of cone or pyramid = ^ side x perimeter at base-^'area of base. 
Surface of cube or pai^llelopipedon = Suin of areas of all the sides. 

Surface of sphere = Diameter squared x 3‘f416. 

Content of pf .An or cylinder = Area*of base height. 

Content of cone or pyramid = J (^q;ea of base y perpendicular height). 
Content of cub(ADr parallclopipedon = Length x breadth x depth. 

Content of sphere =f)ube of diameter x 0*5236. 

Volume of hexagonal = Square of side x 2*598 x height. 

Volume of paraboloid = | volume of circumscribing cylinder. ^ 

Volume of ring (circular section) = Mean diameter of ring x 2*47,x sqijare 
df 'diameter of section. 


FREEZING MIXTURES. 

Freezing mixtures are salts or mixtures of salts which cause a lowering of 
temperaturt) when dissolved. The lowering of temperature increases with 
the heat of solution, solubility and concentration of the solution, and is 
greater the lower the freezing point of the solution, since the freezing point 
marks the limit of cooling. The mixtures, in order to give satisfactory 
results, must be used in ^relatively large amounts, and be cooled as far as 
pi)Ssiblei,before use. The solids used should be finely powdered. 


A. MfxTURBS WITH WaTER. 


Mixtiire. 

5 parts ammonintJi chloride* . 

5 ,, pota^jsium titrate 

16 „ water .... 

5 „ ammonium chloride ? 

5 ,, j)otassium nitrate 

8 ,, soaium sulphate (cryst.)^ 

L6 „ water . . , . 

1 part ammonium nitrate ^ . 

1 „ water .... 

1 ,, ammonium nitrate ^ . 

1 „ sddium carbonate (cryst.) 

1 „ water .... 

3#pai^ potassium siUphocyanide 

2 ,, water . . * . 

5 „ c^^pium chloride (cryst. J 

3 „ \vater . . . , . 


Cooling. 


F loin 

To 


~17‘ 


r-20° 

j 10° 

o 

1 

1 10° 

.^25* 

} 10° 

«25’ 

] 40° • 

-15* 
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• B. Mixtures with Dilute Acini. 


Mixture. 


3 parts sodium sulphate (cryst.) . . \ 

2 


dil. nitric acid (2 ac^id, 1 water) . j 

6 

n 

sodium sulphate (cryst.) , . . 'j 

4 

)> 

ammonium chloride .. . | 

2 

)> 

potassium nitrath . * * . | 

4 

J J 

dil. nitric acid . ... ] 

6 

5) 

sodium sulphate (cryst.) . \ 

5 

1J 

ammonium nitrate . . . \ 



dil. nitric acid ... . j 

6 

M 

sodium phosphate . . . 1 

4 

)) 

dil. nitric acid . ... j 

5 

n 

sodium sulphate (cryst.) . . 1 

4 

n 

dil, sulphuric »cid (1 acid, 1 water) j 

8 

)) 

sodium sulphate (cryst.) . . 1 

5 

5J 

cone, hydrochloric acid . . j 


Coding, 


From 

To 

10“ 

-20‘ 

« » 

10“ 

~25' 

10“ 

-28‘ 

10“ 

-20‘ 

10“ 

-18‘ 

10“ 

-22' 


C. Mixtures with Snow or Powdered Ice. 


1 part sodium chloride . 

2 parts snow .... 

1 part ammonium chloride 

2 parts sodium chloride . 

5 „ snow .... 

1 part ammonium chloride 

2 parts sodium chloride . 

1 part potassium nitrate 

5 pwirts snow .... 
„ sodium chloride . 

,, ammonium nitrate 
,, snow . . . 

5 „ calcium chloride (cryst.) 

4* 8I10<.V ’. 


) 


1 

) 

1 

/ 


^ 3 calcium chloride (cryst.) 

2 •„ snow .... 


* V5 potassium hydroxide (cryst.) 

3 „ snow . c ■, • 

X part sulphurifc acidt (diluted^ with 20% 

* of its weight of water) 

3 parts snow . . . '. 

1 part cone, hydrochloric £lv;id, sp. ^r, 1’18 
1 „ snow . , . 


1 „ nitM/; acjd . 

2jparl8 snow 


} 

} 

} 

\ 

! 

) 


0 " - 20 “ 

0“ - 50“ 

0“ - 35“ 

c . 

4 

4 

0“ ’ - 40“ 


0“ - 50“ 

* 

f , * 

0* - 35* 

0“ . -35* 

« 

T< • -50° 

O’ 3T-. 

O’ '* .. -56’ 
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Mb^ting Points, (FrbkzijJg Points.) 


Alcohol (ethylic) 

• • 


begrees Cent 
•. -180 

Alumiifium 

Ammonia . 

• • • 

■j. ’ 

657 

. . ••-76 

Antimony . 



* 630 

Asphalt . . • . 

• 

• . 

100 

Benzene ^pure) . 
Bismuth . 

• 


6 

268 

Boric acid . 



• . . 186 

Brass 



900 

Bromine . « 



- 22 

Bronze 



900 

Cadmium . 



321 

Carbon dioxide . 



. - 70 

Cobalt 



1600 

Colojihoiiium 



136 

Copper • . 



1084 

Cupric chloride . 



498 

Cuprous chloride 



* 

434 

Fat, ox . . , 



40 

, , sheep 



42 

.. pig • 



27 

Fluorspar . 



. 902-1330 

Oflass 



1200 

,, containing lead 



1000 

Gold 



1063 

Iron, cast, white 



1076-1135 

M grey ^ . 



1200-1250 

,, wrought . 



1600 

Iodine 



113 

Lead 



3^6 

, , oxide , 



964 

„ chloride 



490 

Magnesium 
^encury . 

• 


633 



-39-5 

Merciyic ehlorn^e ^ . 

• 


. , . 287-293 

Naphthalene 

. • 


79 

Nickel ’ . 


• 

1484 

Nitric acid 



-54 

,, oxide . 



-148’8 to*. 161 

Nitric tetroxide . 



-11 

Nitrous oxide . J 

• • 


. • . -102 

Palm oil . . . , 



29 

Paraffin, hard . 



46-60 

Pitcl! (coal tar, hard) 



160-200 

• Phosphorus 



* . . 44 

Platinum y 



1710 

Potassium chlorate . 

• • % 


. 284-302 

, ,, iodide , . 



. 6^4-723 

,, CAioonate. 

*• 

f 

. 834-898 

,, nitrate .• 



. |327-S63 

,, ^ chloride . 

.# 


, 740-^04 

• sulphate . 



loft-1078 

» 
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Melting Points! 

• «• ' 

Rose’s metal . * 

Selenium . 

Stearic acid 
Steel . * . 

Silver, metallic . • 
,, chloride . 
nitrate . 

Strontium chloride' . 
Sodium chloride 
„ sulphate 
,, nitrate . 

, , chlorate 
,, carbonate 
Spermaceti 
Sulphur (monoclinic) 

,, dioxide 

,, trioxid^^ 

Sulphuretted hydrogen 
Thallium . 

Till . . . • 

,, tetrachloride 
Wax, bees’ 

Wood’s metal . 

Zinc . . • • 


(Freezing •Points) — pontinued , 

‘ Degrees Cent, 

. ” 217 

! . , . 70 

... 1376 

. . 961-6 

. 450-460 

■ ' *. . * . . * ‘ 217 

’ ' . . . . 826 

772-840 
.1 . 861-884 

. 308-830 

.... 248-302 
. 814-918 

.... 45-60' 

* . . . . J20*l 

-72-7 

.... 14*8 

• -86 

.... 301 

! . . . 232 

! ... - 38 

62-70 

. . . 70 

419 


Linear Expansion of Substances. 


By variation of temperature front 0° 


to 100“ C. (32'-212”F.) 


Brass .... 
Charcoal from oab . 

,, fii’ . 

Copper . . . 

Glass, flint . 

. . . 

„ green , 

Gold . . ^ . 

Iron, wrought ' . 

,, cast 

Lead .... 
Marble of Carrara . 

,, St. Deat . ♦. 

Platinum ‘ . V • 

» Silver . . . • 

Solder, hard . 

Steel, hardfued 

,, not hardened w, 

Tin , . . • 

Water . 

Zinc 


0-001868 
p -001200 
O-OOlOO 
0-001718 
0-000817 
0-000861 
0-000706 
1 0-001466 

\ 0-001235 
. 0-001110 
0-002848 
0-000849 
0-000418 

ii * . 0-000884 

0-001908/ 
0-002058 
0-001240 
d-001079 
6-001938 
' 0-016588 
0-002942 


1:535 
1:833 
1:1000 
1:682 
1 : 1219 
1 : 1161 
1 :1305 
1 ; 682 
1:812 
1 : 901 
1:351 
1:1178 
1 -.2892 
l:n32 
1:624 
1:486 
1:807 
1 : 927 
*l:6t6 
1:71*4 
1:340 
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Reduction op Water* Pressure to MeRcurial Pressure. 


Aq. 

-j* 

Hg. 

Aq. 

Hg. 

Aq. 

• 

Hg.. 

Aq. • 

Hg.- 

Aq. 

Hg. 

1 

0-07 

• !I3 

170 

45 

•3*32 

'67 

4*94 

. 89 

6*57 

2 

0-15 

24 

177 

46 

3^9 

68 

6*02 

90 

6*64 

3 

0’22 

26 

1-84 

47 • 

8-47 


6*09 

91 

6*72 

4 

0*30 

26 

1-92 

48 

3*64 

70 

5*17 

92 

6*79 

5 

0*37 

27 

1-98 

49 

3-62 

71 

6*24 

93 

6*86 

6 

0-44 

28 

2-07 

60 

3*69 

72 

6-31 

94 

6*94 

7 

0-62 

29 

2-14 

51 

3*76 

73 

6*39 

95 

7 01 

• 8 

0-69 

30 

2-21 

52 

3*84 

74 ^ 

6-46 

96 

7*(/8 

9 

• t)*66 

31 

2'29 

63 

3*91 

75 

5-54 

97 

7*16 

10 

074 

32 

2*36 

64 

3*99 

76 

6*61 

98 

7*23 

11 

0-81 

33 

2-44 

55 

4*06 

77 

6*68 

99 

7*31 

12 

0 89 

34 

2-61 

66 

4*13 

78* 

5 76 

100 

7*38 

13 

0*96 

36 

2*68 

67 

4-21 

79 

5*83 

200 

14*76 

14 

1-03 

36 

2‘66 

68 

4*28 

80 

5*90 

300 

22-14 

15 

1*12 

37 

273 

69 

4*35 

81 

5*98 

400 

29-62 

16 

1-18 

38 

2*80 

60 

4*43 

82 

6*05 

500 

36-90 

17 

1*26 

39 

2*88 

61 

4*60 

83 

613 

600 

44*28 

18 

1-33 

40| 

2*96 

62 

4*58 

84 ! 

6*20 

700 

61*66 

19 

r40 

41 

3*03 

63 

4*65 

85 j 

6*27 

800 

69-04 

20 

1-38 

42 

3*10 

64 

4*72 

86 

6*35 

900 

66*42 , 

21 

1-55 

43 

8*17 

65 

4*80 

i 

87 

6*42 

1000 

73*80 

22 

r62 

44 

3«5 

66 

4*87 

88 

6*49 



« 

• 
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^ Specific Gravity and Percentage of Saturated Solutions. 

* • • • 

Th^ percentage refers to Anhydrous Salt. 


& 

Teifl. 

perature. 

Percentage 
of Salt. 

Speci^(f 

Gravity. 

JJlifgTms 

Twadaell. 

• 

Ammonium chloride . . • 

ft 

26*80 

1-0776 

• 

16*5 .-J 

,, sulphate . 

ft 

50*00 

1-2890 

ef-s' 

Barium chloPide . 

15 

26*97 

J*2827 

66-6 

Calcium chlorhie . 

16 

^ 40-f6 

^ 1-4110 

82*2 

Magnesium sulphate 

Potessiura chloridi 


^ 25*25 / 

1*2880 

67 -O* 

ft 

24*90 

1-1723 

• 84*4 

,, carbonate 

16 

• 62-02 

1*6708 

114 

,, nitrate . . • . 

15 

, 21*07 

1*6441 

28*8 

*«sulphatc . • . 

podium chloride . . . • 


Sf92 

1*0831 

16*6 

15 • 

26*396 

1-2043 

40*8 

• carbonate . i 

15 - 

‘ 14 36 

1-1536 

30*7 

• 

2. 

1 

19-60 

46*26 

•l-^804»* 

76 

» ,, sul^iate . 

15*0 

! 

11*95 

1*1117 

^ 0 

22-3 

• 


12 
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Abel flasli-poini apparatus, 78. * 

Acenaplitherie, 153. 

Acetone, 161. 

Acetophenone, 161. 

Acridine, 161. 

Ammonia, estimation of, in coal gas, 6. 
Ammoniacal liquor, estiuiatiou of carhonie 
acid in, 53. 

chlorides in, 53. 

cyanides in, 58. 

distribution of 8ul}»hur in, 58. 

ferrocyanides in, 60. 

lixed ammonia in, 53. 

free, ammonia in, 52. 

sulphur as jiolysuljdiide, 56. 

sulphates, 54. 

sulphides, 65. 

r sulphites, 56. 

sulphocyanides, 54. 

thiocyanates, 60. 

— thiosulidiates, 55. 

— total sulphur, 55. 

Ammoniua. sulphate, estimation of ammonia 
in, 52. 

free acid in, 52. 

iron salts in, 52. 

nqoisturc in, 62. 

Aniline, 161. 

Anthracene, 145. 

Anthracene cake, estimation of anthracene 
in (Hochst test), 44. 

foreign matter in, 44. 

paraffin in, 45. 

Atom)lc v^'eights, tal;ile of, 163. 

Benzene? 138. 

Benzolf, 138. ' 

— (crude), analysis of, Colraan and Yeoman 

method, 81. 

Spielmann and Petrie method, 103. 

— 90 per cent., 139. * ' . 

— aualysis of, Jones method, 11. ' 

Norihall -Laurie method, 114. 

Spielmann and Wheeler method, 106. 

— Government distillation test for, 105. 

— estilnation of, in coal gas, absorption and 

distillation method, 10. 

freezing methdd, 13. 

— — — Lessingtr method', 12. 

— : Muller’s metliod, 9. 

— A — nitration method, 11. 
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Benzole, estimation of, in coal gas, vapour 
pressure method, 11. 

carbon bisul]»hide in, 87, 106, 117, 

126. 

]>araffins in, 87, 106, 117. 

thiophene in, 122. , 

total sulphur iii, 75. 

— flash point of, 78. 

— standard, 139. 

Benzolised wash oil, estimation of crude 
benzol in, 75. 

Benzonitrile, 161. 

“ Bomb calorimeter, 64. 

“ Boys” calorimeter, 68. 

Calobimetry, 62 
Caloiimetcr, the Bomh,” 64. 

— the “ Boys,” 68. 

— the “ Darling,” 62. 

— the “Junker,” 65. 

— the “ Sinimance-Abady,” 68. 

— recording, “ Simmance-Ahaiiy,' ’ 70. 
Carbazole, 167. 

Coal, coking- property tests, 3.' 

— estimation of ash in, 1. 

fixed carbon in, 1. 

— • — moisture in, 1. 

nitrogen in, 3. 

phosphorus in, 2. 

sulphrr iiE, 2. 

volatile Vydrocaf bona in, 1. 

— formula for calculating calorific yalues 

of, 4. 

' — sampling, 1. 

— in washery shalB, 4. 

Coal-gas, analysis of, 16.' 

■— estimation of ammonia in, 6. 

benzol in, 9. 

cyanogen in, 6. 

naphthalene in, 6. ». 

sulphuretted hydrogen in, ^7. 

tar in, 6. 

— ' — total sulphur in , 8. , 

Coke, estimation of ash in, 1. 

fixed carbon in, 1. 

moisture in, 1. 

' phosphorus in, 2. 

sulphur in, 2. 

volatile hydrocarbons in, 1. 

— sampling, 1. " \ 

1 Collidines, 161. 
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.Conversion factors, table 171. . 

Coumarone, 154. ^ m § 

Cresols, ortho-, meta-, and para-, 1^8. 
Cresylic acid, distillation test of, 35. 

— estimation of neutral oils in, 35. 

sulphuretted hydrogen in, 35. 

—^separation of the isomeric f«rms of,«64. 
Creosote oil, determination of the distillation 

range of, 37. . • 

flash-point of, 38. 

specific gravity of, 35. • • 

viscosity of, 39. 

— estimation of naphthaloi^ in, .37. 

phenols in, 37. 

pyridine base.s in, 38. 

sulphur in, 77. 

water in, 36. 

— relati'# fates of cooling of, 42. 

— table for reducing the specific cravitv 

of, toN.T.,^6. . 

Chrysene, 147. 

Cumene, 141. 

Cyclopen tadieiie, 148. 

Cymene, 141. 

Darling’s calorimeter, 62. 

De-benzolised oil, estimation of crude benzol 
in, 75. 

Dicyclopentaaicne, 149. 

Dimethyl anthracenes, 147. 
naphthalenes, 143. 

— phenols, 160. 

— pyridines, 161. 

Diphenylene o.xido, 155 

» — isulphye, 166. 

Diireno, 141. 

Ethyl benzene, 140. 

FLASH-point apparatus, “ Abel’s,” 78. 

“^ri^’s,”39. 

“Peusky»Marten,” 39. 

Flue ga'S, analysi^of, 23. ,,, ^ 

— COg recorders for, 28. 

* -v— estimation of suljiliur dioxide in, 26. 

— dimpling, 23. 

‘Fluorantliene, 153. 

• Fluorene, 158. • 

Freezing mixtiues^ table of, 173. 

— points, table of, 175. 

Gas analysis, 16. 

— apparatus, “ Hempel,” 16. 

“ Orsat-Lunge,” 20. 

^ calculation of calorific value of, 21 . 

— determining the s])|cific gravity of, 2V 

— sampling, 16.^ 

' HyDRiNDEN|:,*162. 

Hydroc(flima«)ne, 155. 

c 

iNDENlt, 160. 

> Inclicators, 16£ 

Iildole, 157. 


% 

Iso-methvl-anthr^ceee, 147. 

— quinolii^, 161. 

Junkers gas calorim^er, 65. 

LEproiNE, 161. 

Lineaf expansion of substances, table of, 175. 
^ Lutidinu#, 161. 

lftELTiNa<|)oints, table of, 175. 

Mensuration of surfaces and solids, 172. 
Mesitylene, 140. 

MetliyJ anthracene, 146. 

— ethyl ketone, 161 . 

— na))hthalenes, 142. 

— ])yridines, J60. 

— quiuolone, 161. 

Naphthacenk, 148. 

Naphthols, alpha and beta, 160. 
Naphthalem^ 142. 

— determination of the melting point of, 43. 

— estimation of moistuic, 43. 

foreign matter, 43. 

in coal gas, 6. 

Naphthanthraceno, 148. 

Najdithcncs, 162. 

Ori'Ho-diphenol, 155. 

Parvolines, 161. 

Phenantlirene, 143. 

Phenols, 157. ^ 

“(crude), estimation of carbolic acid in, 
83. 

Phenol hydrate, 158. 

Phenyl benzene, 141, 

Picene, 148, 

Picolenes, 161. 

Pitcli, analy.sis of, 45, 

— determination of the twisting point of, 45. 

— estimation <if free carbon in, 46. 
Psetldocumone, 140. 

Pyrene, ^47. 

Pyridine, 160. 

— bases, distillation tegt'for, 35. ^ 

estimation of water fn* 36. 

Pyrometer, Fery radiation, 71. 

— Fery spiral,*'/ 1. 

— platinum resistance, 71. 

— recording, 73. 

— thermo-elootric,^ 70. 

P;^Tole#il57. ^ 

Quinaldine, 161. 

Quinoline, 161. 

REDudTiON of water pressure to mercurial 
, pressure, tablcifor, 177. 

Referee’s test for ^otal sulnj;iur in coal gas, 8. 
Retene, 144. 

Rosolic acid, 160, 
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Salt in washery watef, 4i ' 

, Shale from washery, coal in, 4.< 
Sinimance-Abady gas calorimeter, 68. 

— recoreling, 70. , 

Solvent naplitha, estimation of xylene in, 

119. 

Specific gravities and percentage of 8a»tiirated 
solutions, table of, 177. 

Standard solutions for volumetric’ analysi.s,' 
165. 

Sulphur (total), estimation in coal gas of, 8. 
Sulphuretted hydrogen, estimation in coal 
gas, 7. 

Sulphuric acid (B.O. V.), determination of 
the specific gravity of, 50. 

— estimation of arsenic in, 50. 

— ~ nitrous acid in, 52. 

sulphuric acid (H^SOJ in, 50. 

Tau, determination of the specific gravity 

of, 29. 

— distillation test for, 30. 

— estimation of free carbon in, 29, 46. 

— — watei in, 29, 

in coal gas, 5. 

Tar acids, determination of the crystalliha- 
tion point of, 33. 

specific gravity of, 33. 

estimation of carbolic acid in, 33. 


Tar aci'ls, e.stim&tion of watei in, 33. ' 
Tettainethyl pyridines, 161. 

Thiocoumarone, 156. . 

Thiophene, 156. 

Toluene, 139. 

Toluole, 189. 

— cdmmcrciEtl, 139. f 

— determination of the flash-point of, 78. 

— estimation of heuzeiiio', toluene, and xylene 

in, 83, 104, 105, 111, 114. 

— ])araflins and carbon disulphide in, 87, 
106, 117, 126. 

total sulphur in, 75. 

Trimetbyl benzenes, 140. 

- pyridiue.s, 161. 

Truxene, 151. 

Yen YL benzene. HI. 

Viscometer, the Coleman- A^rclibutt, 42, 

— the Redwood, 40. 

Volumetiie analysis, tables for use in, 167 

Wasiikiiy shale, estimation of free coal in, 4. 

— water, estimation of salt in, 4. 

Xantiienk, 156. 

Xylene, 139. 

— styiene, 1 46. 

Xylole, 139. 


PRINiEU IN GREAT BRITAIN BY NKILL AND TO., LTD , RDINBVIRGH 



W. J. FRASER & CO. £ 

CHEMICAL ENGINEERS 

• ♦ • 

DAGENKAIVi, ESSEX 

Manufacturers of 

BENZOL PLANTS 
TAR S'lTLLS 
CONDENSING PLANT 



STORAGE TANKS FOR ANY CAPAMTV 
CONVEYORS AND ELEVATORS 


W. C. HOLMES & CO. 


LIMITED 


ESTAHLISHED 


1S50 


CONTRACTORS 

FOR 

Complete Works 
for Recovery anc! 
Refining of 
Tar, 

Benzol, 

Ammonia. 

Complete 
By-product 
Recovery Plants 
for 

Coke Ovens. 



raviihon fr Lioc '^eJ^c Patent Cc')t>'ifai>al 
1 y pc IVashc 

(I'oi B' lizol and Ammonia Exti actiori. ) 


WORKS AND HEAD OFFICES 


TURNBRIDGE : : HUDDERSFIELD 


Teleg, “Holmes Huddersfield * 


’Phone 1373 


LONDON OFFICE: 14 VICTORIA ST., S.W. 


DISTILL TAR 


in a I'iant with all tlu* iidvanta_ij;es* of a perfect hut 
simple design. 'I'hi , I’laiit produces ('onlinuoiisly 
('rude N<iphtha, Lpeht Oils, ( "tcosote, Nnthraceiu* 
Oils, and Pittdi. 

'I'he frni tiuns can hr varied as desired to meet \'aivinu 
mark't^rLqunemeiits. 

InLeimittent Stills .ii(‘ ( ostl\ to run, ; ^mioeisome and 
inefhcient. By the eontmuous pioi'ess retcriesl td. 
i ton of d'ai can he- distilleel to 1‘ite'h on a lued 
consuni[)lif)n of 120 Ihs ( oke 'ir its equivalent m Clas. 

Idantb aie siqiplied in all si/'-s lor full distillation or 
foi [irejviiation ol Kt fined ddir (of anv ,i;rade), \wtli 
e.ipacities f>f 1 Ion per da) to ()0 ton> jier day. 

IMants are sup[)heel on unit ha-.is additieinal units 
min i.)e added when re(iuirLel 

riras( \\r’*e foi booklet on d'.ir 1 )istiliation 

\^'v su])j)ly all l\pes ol ( 'iiema al iir Kectificatiein 
I'cfiit. Isdivenli Piiriffl'atie)!! I'hint, Oc', f^ir ('oke-Oven 
By-hfodiiet lequiieiii'nls 


CHAMBERS & HAMMOND 

Chemical Engineers 

.LIGPiTCwlFFk; » • YORKS 

• • ’ h. 

■fel. lOO Hipperholme, Telegrams^ “ Rea||nt, Halifax,” 





WE SPECIA-LiSE 11^ 

EXHAUSTERS 

FOR RECOVERY PLANTS. 

4-BLADE POSITIVE AND TURBO TYPES, 
STEAM AND ELECTRICALLY ^ DRIVEN. 

GAS COMPRESSORS 

FOR DELIVERING GAS UNDER PRESSURE. 


PUMPS 

FOR TAR, LIQUOR, WATER, 

HYDRAULIC TRUCK HANDLING PLANT 

SIMPLE, FOOLPROOF, AND EFFICIENT. ■ 

GAS VALVES 

AND 

governors. 


GEO. WAt-i-ER & SON, LTD. 

PHCENIX IRON WORKS, STROUD, GLOS. 

Telegrams WALLER, BRIMSCOMBE ' TFLEPH0^4F 10 BRIMSCOMBE. 

AGENTS FOR SC0TLAr#0 : 

D. M. NELSQN & CO., 20 We^st Campbell Street, Glasgow., 



R. & J. DEMPSTER i 

‘UMITW 

‘ Gas Plant Works 

« I 

MANCHESTER 


WE UNDERTAKE THE ENTIRE 
EQUIPMENT FOR 

COKE OVEN 

INSTALLATIONS 

FROM TViE ironwork FOR THE 
OVENS TO THE 

REFINING OF 

BY-PRODUCTS 

SULPHATE.’CONCENTRAJED 


• -i 

liquor; tar *DISTiLLIMG, PURE- 


. BENZOL, TOLUOL, AND FRAC- 


TIONATING’ PLANTS COmPLETE 


PATENT STANDARD 
CENTRIFUGAL WASHERS 



For extraction 


Ammonia, Benzol, 

t 

Cyanide, 

Naphthalene, 


4,000,000 nibtr teet per day machine at 
• * Manvers Mam Collieries 

N B —Second machine since o''dercrl 


Total Daily 
Capacity of 


Machines 


ordered 


329,770 


cubic feet 


KIRKHAM, HULETT & CHANDLER; LTD. 

NORFOLK HOUSJB, NORFOLK STREET, STRAND, 
' LONDON, W.C. 2/ 

1 elegraphK^diiresa » T^Iephojie A'^o. 

“ Washer-Kstrand-Lopdon ” ’ Cfty 1343 




GOVAN, GLASGOW 





IE£DS &.BRADFORD BOILER GO. L'^ 

STANNINGLEY 

Contractors to the War Office, the India Office, the Admiralty, 
the Crowfi Office Agents for the Colonies, etc. 


COMPLETE TAR 'DISTILLING PLANTS 
TAR DEHYDRATIIVG PLANTS 



HiOHEST CLASS TAR STILLS 

Toj)s and Bottoms. pre<;se(l to sha^o by special Hydraulic MacMnery. 

BWet flnlled in pi>sili(n), and all lueting whete practicable' aoile bj' ‘ 

Hydraii]u*?d?lchinciy. ' 

These ensure the Highest Cfass of Tar Sfill made. 


NEW STILL BOTTOMS 

Benzol Stil> i, Washers, Air Kecci\'f;rs, Condensin^^ Tanks, Distillate Tanl^s;:, Storage 
Tanks, Pans, Wioui^hl and ^.'ast I'iping. Coils, etc. 


Enquiries solicited for all klads^of Riveted St^el Plate Work 
and tlydraqjiic Press Work, 


1»9 



Coke and Gas Ovens, Limited 

Builders (3f “STIL.L” Coke Ovens, Recovery Plant i 
for 1 ar and Ammonia (Direct Process), Benzol and 
Tar PJants. “ 

Numerous installations in England and in all parts of 
the world. 

M 

Batteries ol Ovens operating continuously m this 
country for over Jq- years without any rclining. 

SALISBURY HOUSE, LONDON WALL 
LONDON, E.C.2 

1 c/ephone Jc'e' 4 iafm 

LONDON \X^\LL. 1280 COKfOVKNS. W'F, LONDON 


“CARR" TYPE DISINTEGRATORS 

« 



PENNEY & PORTER ( Engineers) LfD.. 

Telegrams : '* Porter,*’ ‘ LINCOLN Telcpliotirs . Nes. 21 i & 266. 


l‘)() . 




SUPPLIERS OF 

• • 


BENZOLE WASHING OIL 

• # 

GENERAL* CHElWieALS 





JOSEPH. .TAYLOR & COMPANY 

■ CHEMICAL PLANT ENGINEERS 

Blackhorse Street Mills, Bolton 


MANUFACTURERS SATURATORS 
and ALU LEADWORK 

. FOR 

SULPHATE OF AMMONIA PLANTS 

AND 

BYE^PRODUCT RECOVERY PLANTS 


Saturators, Bolton.” Te/ep/?o/ie; -Bolton, 848. 


OTTO COKE OVENS 

ALL BRITISH — BRITISH CAPITAL BRITISH STAFF 

I 

Newest System of Carbonisation in Bulk fo^r * 
producing Illuminating Gas of Higl^esj Quality 

The Coal Gas Supply of Middlesbrough (popu- 
lation 126,000) produced entirely by Otfo Ovens 

REGENERATIVE OVENS ^EATE^’ BY 
PRODUCER or" other * LOW-GRADE GASES 

o « ’• 


2355 OVENS BUILT IN GREAT BRITAIN « 


Successors to 

THE OTTO POKE QVEJM CO. LTD. 

Head Office: 7 mJsEUM ST. (nr. Central Station), MANCHESTER 
Telfpmonl No 8200 TelegrKms. “SUCCESSORS, M^NC/JESTER. ', 





BY-PRODUCT COKB .OVEfNS 

• • 

* # 

COAL WASHINC PLANtS 

1 T» _ 

tAR biBTILLERIES 

SULPHURIC ACiD PLANTS 

• » - 

SIMDN-GARVES LTD. 

MANCHESTER 


“WHESSOE” 

TW. ROTARY WASHER SCRUBBER WITH A 

• -BIG’ REPUTATION. 

• A 1 _ 

! Use(i by H. m! Gouernmeet and leading Gas Companies, 
i • Cdllieries, etc., at home and abroad. * * 

i SCRUBBERS OF ALL,CAPACITIES SUPPLIED FOR EXTRACTION, 

1 OF AMMONIA, BENZOL, fcvANOGEN, NAPHTHALENE, EXc* Etc! 

. ^ 

• • 

i A!so‘ Tanks of eueiy ^desciiiJifinn, Ogal Storage Plant, • 

! Cfiehicdl Plant, Structural Steel & lion Work generally. 

The WHESSOE foundry & engineering Co. ltd. 

i 'Works* Darlington. Lorjdon Office: 106 Cannog St., E.C. 4. 





SPECIAL FEATURES. Jli S h 


British Made Coke Oven Valves 

L»\/ablj~Fatcd Solid Body with Intciiiai S.rew and aKo Outside Setew 


THE BRYAN DONKIN CO. Ltd., ^^ngifieers, 
CHESTERFIELD 










THE GAS LIGHT & GQKE GO, 

DAUNTSF.V HOVSn. ■ 

FREDERICK’S PLAGl, OLD JEWRY, LONDON, E.C.2. 

Telegraphic Address: Telephone No8«i 

“BLANGUS, THREAD, LONDON. ” ’ City 3660 & 3661* 

MANUFACTURERS OF: 

TAR PRODUCTS: 

Benzol, Toluol, 'Solvent Naphtha, Anthracene, Liquid 
Carbolic Acid (Cresylir Acid), Cr'ystal Carbolic 
Acid, 40 42 C. ; Ci eosote (or timber preservation, 
Fluid C»'eosote, Soluble Creosote (Disinfecting 
Fluid), Gf'Cf'n Oil, Fuel Oil, Pyrid'ne, Na|.)htha!ine 
in various (orri^s, Dehydr-arcd Ta*', Pdrh, Black 
Varnish. 

SETA NAPHTHOL IBALlOOIM BHAUUI I 

SALiC.YL(C ACID, COMMEF^CIAL atxl B.P. 

(BALLOON BRAND! 

Al^MONIA PRODUCTS ; 

SULPHATE OF AMMONIA (25 per'''ent.’ minimum 
stre.pgth, also 25 j pet pent, neutral quality), 

LIQUID AMMONIA (all strengtiis). 

Cyanogen products: 

PRUSSIAN' AND BRONZE BLUES, ol various grades, 
in paste, lump, o*' powder, suitable for paints, 

• linoleuias, printing inks, etc., etc. ^ 

CYANIDE OF SODIUM-. PRUSSIATE OF SODA. 1 






